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© 1990 Advanced Micro Devices, Inc. 


Advanced Micro Devices reserves the right to make changes in its products 
without notice in order to improve design or performance characteristics. 

The performance characteristics listed in this document are guaranteed by specific 
tests, correlated testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 

The company assumes no responsibility for the use of any circuits described herein. 


901 Thompson Place, P.O. Box 3453, Sunnyvale, California 94088 
(408) 732-2400 TWX: 910-339-9280 TELEX: 34-6306 


AMD thanks you for your interest in our programmable logic products. As world leaders 
and patent-holders on the PAL® device and ever-popular 22V 10 architecture, we continue 
expanding our line in order to serve you better. 


In this Data Book, we especially call your attention to our comprehensive offering of EE 
CMOS universal PAL devices. The distinctive blue pages will lead you straight to these 
low-power, reprogrammable choices. And please stay intouch with AMD as we have many 
excellent additions coming for you. 


May all your projects be completed and go to market on time! 


Quand Gb 


Andy Robin 


Director of Marketing 
Programmable Logic 


Description 


This 1990 PAL® Device Data Book is your complete guide to all data sheets and 
supporting information on programmable logic devices (PLDs) from Advanced Micro 
Devices, including those originally from Monolithic Memories, Inc. The blue pages 
highlight information relating to CMOS products. 


The PAL Device Data Book is organized into eight easy-to-use sections: 


1. Introduction 
Includes an overview of the AMD PLD family. Highlights the advantages of each 
product; excellent for the new user. 


2. PAL Device Data Sheets 
Includes complete data sheets for all PAL devices offered by AMD, including both 
bipolar and CMOS devices. Order is alphanumeric. 


3. Sequencer Data Sheets 

Complete data sheets for the Programable Logic Sequencers (PLS) and Field-Pro- 
grammable Controllers (FPC), and information on the Programmable Event Generator 
(PEG™ device). 


4. ECL/PGA Data Sheets 

Complete data sheets for the high-speed ECL PAL devices, and information on the 
high-density Programmable Gate Arrays (PGAs). The Programmable Gate Arrays are 
described in more detail in a separate PGA Data Book. 


5. General Information 
Includes military processing information, definitions of data sheet parameters, and 
package information. 


6. Design and Programming 

Includes information on AMD and third-party PLD software programs. Note that 
AMD’s PALASW® software is now documented in a separate User’s Manual. For 
design examples, see the PAL Handbook. This section also contains helpful program- 
ming information and a complete listing of approved programmers. Testing consid- 
erations for programmable logic are discussed. Includes new material on design 
considerations for high-speed bipolar and CMOS logic. 


7. Quality and Reliability 
Includes information on AMD PLD process technologies and quality procedures. 


8. Appendices 
Quick reference information, including replacements for PLDs no longer in this data 
book. 


Call your local AMD sales office, listed at the back, for updated information on these 
products and the latest new products. If you have any questions or comments on 
PLDs or any other products, please contact your local AMD sales office or call the 
AMD Applications Hotline at (800) 222-9323. 


Trademarks 


Trademarks listed in this publication are provided as an additional courtesy. The publisher does not assume any liability for 


errors or omissions. 


AMD, HAL, PAL, PALASM, and SKINNYDIP are registered 
trademarks and AutoVec, Diagnostics-On-Chip, DOC, 
IMOX, Interface Protocol Asynchronous Cell, LabPro, 
MONOX, PEG, PEGASUS, PEGCPS, PEGPDS, ProPAL, 
SSR, TestPro, and ZHAL are trademarks of Advanced 
Micro Devices, Inc. 


AT&T and UNIX are registered trademarks of American 
Telephone and Telegraph Company. 


Anvil ATG is a trademark of Anvil Software, Inc. 
Apollo is a registered trademark of Apollo Computers. 


DAISY and DNIX are registered trademarks of Daisy/ 
Cadnetix. 


Data /O and FutureNet are registered trademarks and 
ABEL, Logic Fingerprint, FutureDesigner, LogicPak, 
PLDlinx, PLDtest, PLDtest Plus, PROMlink, and UniSite are 
trademarks of Data I/O Corporation. 


LOGILINK, SOFTLINK, and SOFTPACK are trademarks of 
Digelec, Inc. 


DEC, VAX, and VMS are registered trademarks of Digital 
Equipment Corporation. 


DASH, DASH-ABEL, and DASH-GATES are trademarks of 
FutureNet Corporation, a Data VO Company. 


HP is a registered trademark of Hewlett-Packard, Inc. 
386 is a trademark of Intel Corporation. 


IBM and PS/2 are registered trademarks and IBM PC, IBM 
PC-AT, IBM PC-XT, and Micro Channel are trademarks of 
International Business Machines Corporation. 


ISDATA is a registered trademark and LOG/IC is a trade- 
mark of ISDATA GmbH. 


PROMAC is a trademark of Japan Macnics Corporation. 


GAL is a registered trademark of Lattice Semiconductor 
Corporation. 


ALLPRO, CUPL, and LOGIPRO are trademarks of Logical 
Devices, Inc. 


Mentor and QuickSim are trademarks of Mentor Corpora- 
tion. 


WordStar is a trademark of MicroPro International Corpora- 
tion. 


Microsoft is a registered trademark and MS-DOS is a trade- 
mark of Microsoft Corporation. 


PLDesigner is a registered trademark of MINC Incorporated. 


Mouse System is a trademark of Mouse Systems Corpora- 
tion. 


TRI-STATE and FAST are registered trademarks of 
National Semiconductor Corporation. 


OrCAD is a registered trademark and OrCAD/SDT and 
OrCAD/VST are trademarks of OrCAD Systems. 


P-CAD is a registered trademark of Personal CAD Systems, 
inc. 


PC-SILOS is a trademark of SimuCad Corporation. 


Sun and Sun Workstation are registered trademarks of Sun 
Microsystems, Inc. 


Valid, ValidGED, ValidSIM, and ValidTIME are trademarks 
of Valid Logic Systems. 


LCA, Logic Cell, Logic Processor, XACT, XACTOR, and 
Xilinx are trademarks of Xilinx, Inc. 
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The Programmable Array Logic device, commonly known as the 
PAL® device, was invented at Monolithic Memories, now a part 
of Advanced Micro Devices, over 14 years ago. The concept for 
this revolutionary type of device sprang forth as a simple solution 
to the shortcomings of discrete TTL logic. 


The successfully proven PROM technology which allowed the 
end user to “write on silicon” provided the technological basis 
which made this kind of device not only possible, but very popular 
as well. 


The availability of design software made it much easier to design 
with programmable logic. As designers were freed from the 
drudgery of low-level implementation issues, new complex de- 
signs were easier to implement, and could be completed more 
quickly. 


This chapter outlines some basic information essential to those 
who are unfamiliar with Programmable Logic devices (PLDs). 
The information may also be useful to those who are current users 
of programmable logic. The specific issues which need to be 
addressed are: 


¢ What is a PLD? 

¢ What other implementations are possible? 

« What advantages do PLDs have over other 
implementations? 


WHAT IS A PLD? 


In general, a programmable logic device is a circuit which can be 
configured by the user to perform a logic function. Most “stan- 
dard” PLDs consist of an AND array followed by an OR array, 
either (or both) of which is programmable. Inputs are fed into the 
AND array, which performs the desired AND functions and 
generates productterms. The product terms are then fed into the 
OR array. In the OR array, the outputs of the various product 
terms are combined to produce the desired outputs. There are 
three fundamental types of standard PLD: the PROM, the PAL 
device, and the PLS device. 


PROMs 


PROMs are usually thought of as memory elements. However, 
the PROM has a fixed AND array (which decodes the memory 


address) followed by a programmable OR array (Figure 1). For 
each of a given set of input combinations (addresses), it gener- 
ates a value which has been programmed into the device. 
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- INDICATES PROGRAMMABLE CONNECTION 
+ INDICATES FIXED CONNECTION 
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Figure 1. PROM Array Structure 
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PAL Devices 


The PAL device has a programmable AND array followed by a 
fixed OR array (Figure 2). The fact that the AND array is 
programmable makes it possible for the devices to have many 
inputs. The fact that the OR array is fixed makes the devices small 
(which means less expensive) and fast. 


PLS Devices 


The PLS (Programmable Logic-based Sequencer) devices are 
based on the standard PLA architecture (Figure 3), where both 
the AND and the OR arrays are programmable. This arrange- 
ment allows for greater overall flexibility. The architecture is a bit 
more costly in terms of die size and speed, so for simple logic 
functions, a PAL device is usually more cost effective. However, 
this architecture is very effective for sequencers, where the 
flexibility allows larger state machines than might fit in a PAL 
device. 


Other PLDs 


In addition to the basic sum-of-products PLDs, some more 
complex PLDs dedicated to sequencing are available, most 
notably the Am29CPL151 andthe Am29CPL154. Their architec- 
tures are described elsewhere in the data book, but their funda- 
mental benefits are the same as those of the more traditional 
PLDs. 
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PROGRAMMABLE AND ARRAY 


- INDICATES PROGRAMMABLE CONNECTION 


+ INDICATES FIXED CONNECTION 


In practice, the distinctions between architectures are not as 
significant as the differences between the types of functions to be 
performed. 


WHAT OTHER IMPLEMENTATIONS ARE. 
POSSIBLE? 


There are essentially four alternatives to programmable logic: 


* Discrete Logic 

° Gate Arrays 

¢ Standard Cell Circuits 
¢ Full Custom Circuits 


Discrete Logic 


Discrete logic, or conventional TTL logic, has the advantage of 
familiarity; hence its popularity. It is also quite inexpensive when 
only unit cost is considered. The drawback is that the implemen- 
tation of even a simple portion of a system may require many units 
of discrete logic. There are “hidden” costs associated with each 
unit that goes into a system, which can render the overall system 
more expensive. 


Designing with discrete chips can also be very tedious. Each 


design decision directly affects the layout of the board. Changes 
are difficultto make. The design is also more difficult to document, 
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Figure 2. PAL Device Array Structure 
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making it harder to debug and maintain later. These items all 
contribute to a long design cycle when discrete chips are used 
extensively. 


Gate Arrays 


Gate arrays have been increasing in popularity. The attractive- 
ness of this solution lies in the device's flexibility. By packing the 
functions into the device, a great majority of the available silicon 
is actually used. Since such a device is customized for an 
application, tt would seem to be the optimum device for that 
application. 


However, one also pays substantial development costs, espe- 
cially in the case of a design which needs changes after silicon 
has already been processed. Even though the unit costs are 
generally quite low for gate arrays, the volumes required to make 
their use worthwhile excludes them as a solution for many 
designers. This fact, added to the long design cycle and high risk 
involved, make this solution practical for only a limited number of 
designers. 


Standard Cell Circuits 


Standard cell circuits are quite similar to gate arrays, their main 
advantage being that they consist of a collection of different parts 
of circuits which have already been debugged. These circuits are 
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then assembled and collected to perform the desired functions. 
This can ideally lead to reduced turnaround from conception to 
implementation, and a much more efficient circuit. 


The drawback is that even though the individual components of 
the circuit have been laid out, a complete layout must still be per- 
formed to arrange the cells. Instead of just customizing the metal 
interconnections, as is done in a gate array, the circuit must be 
developed from the bottom up. Development costs can be even 
higher than for gate arrays, and despite the standard cell concept, 
turnaround time often tends to be longer than planned. Again, the 
volume must be sufficiently high to warrant the development 
costs. 


Full Custom Circuits 


Full custom designs require that a specific chip be designed from 
scratch to perform the needed functions. The intent is to provide 
a solution which gives the designer exactly what is needed for the 
application in question; no more and no less. Ideally, nota square 
micron of silicon is wasted. This normally results in the smallest 
piece of silicon possible to fit the needs of the design, whichinturn 
reduces the system cost. Understandably, though, development 
costs and risks for such a design are extremely high, and volumes 
must be commensurately high in order for such a solution to be 
of value. 
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Figure 3. PLA Array Architecture 
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WHAT ADVANTAGES DO PLDS HAVE OVER 
OTHER IMPLEMENTATIONS? 


As user-programmable semicustom circuits, PLDs provide a 
valuable compromise which combines many of the benefits of 
discrete logic with many of the benefits of other semicustom 
circuits. The overall advantages can be found in several areas: 


¢ Ease of design 
* Performance 
* Reliability 

¢ Cost savings 


Ease of Design 


The support tools available for use in designing with PLDs greatly 
simplify the design process by making the lower-level implemen- 
tation details transparent. In a matter of one or two hours, a first 
time PLD user can learn to design with a PAL device, program it, 
and implement the design in a system. 


The design support tools consist of design software and a 
programmer. The design software is used in generating the 
design; the programmer is used to configure the device. The 


software provides the link between the higher-level design and 


the low-level programming details. 


Allofthe available design software packages (of which Advanced 
Micro Devices’ PALASM® software is the most widely used) 
perform essentially the same tasks. The design is specified with 
relatively high-level constructs; the software takes the design and 
converts it into aform which the programmer uses to configure the 
PLD. Most software packages provide logic simulation, which 
allows one to debug the design before actually programming a 
device. The high-level design file also serves as documentation 
of the design. This documentation can be even easier to 
understand than traditional schematics. 


Depending on the capabilities desired, a device programmer can 
cost anywhere from under $1,000.00 to around $15,000.00 for a 
high-volume production programmer. Many PLD users do not 
find it necessary to purchase a programmer; it is often quite cost 
effective and convenient to have either the manufacturer or an 
outside distributor do the programming for them. For design and 
prototyping, though, it is very helpful to have a programmer; this 
allows one to implement designs immediately. 


The convenience of programmable logic lies in the ability to 
customize a standard, off-the-shelf product. PLDs can be found 
in stock to suit a wide range of speed and power requirements. 
The variety of architectures available also allows a choice of the 
proper functionality for the application at hand. Thus adesigncan 
be implemented using a standard device, with the end result 
essentially being a custom device. Ifa design change is needed, 
it is a simple matter to edit the original design and then program 
a new device, or, in the case of reprogrammable CMOS devices, 
erase and reprogram the old device. 


Board layout is vastly simplified with the use of programmable 
logic. PLDs offer great flexibility in the location of inputs and 
outputs on the device. Since larger functions are implemented 
inside the PLD, board layout can begin once the inputs and 
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outputs are known. The details of what will actually be inside the 
PLD can be worked out independently of the layout. In many 
cases, any needed design changes can be taken care of entirely 
within the PLD, and will not affect the PC board. 


Performance 





Speed is one ofthe main reasons that designers use PAL devices. 
The TTL PAL devices presently on the market can provide better 
performance than the fastest discrete logic available. ECL PAL 
devices extend the benefits of programmable logic to the even 
higher-speed realm of ECL logic. Today’s fastest PAL devices are 
being developed on the newest technologies to gain every extra 
nanosecond of performance. 


Performance cannot come strictly at the expense of power 
consumption. Since PLDs can be used to replace several 
discrete circuits, the power consumption of a PLD may well be 
less than that of the combined discrete devices. As more PLDs 
are developed in CMOS technology, the option for even lower 
power becomes available, including zero standby power devices 
for systems which can tolerate only minute standby power con- 
sumption. 


Reliability 


Reliability is an area of increasing concern. As systems get larger 
and more complex, the increase in the amount of circuitry tends 
to reduce the reliability of the system; there are “more things to go 
wrong”. Thus a solution which inherently reduces the number of 
chips in the system will contribute to higher reliability. Aprogram- 
mable logic approach can provide device quality levels up to 50 
parts per million (ppm), while also providing a more reliable 
solution due to the smaller number of devices required. 


With the reduction in units and board space, PC boards can be 
laid out less densely, which greatly improves the reliability of the 
board itself. This also reduces crosstalk and other potential 
sources of noise, making the operation of the system cleaner and 
more reliable. 


Cost 





For any design approach to be practical, it must be cost effective. 
Cost is almost always a factor in considering a new design or a 
design change. But the calculation of total system cost can be 
misleading if not all aspects are considered. Many of the costs 
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can be elusive or difficult to measure. For example, it is difficult 
to quantify the cost of market share lost due to late product 
introduction. 


The greatest savings over a discrete design are derived from the 
fact that a single PLD can replace several discrete chips. Board 
space requirements can drop by 25% or more when PLDs are 
used. Figure 4 illustrates some of the costs of the various 
solutions discussed so far, with many of the factors that may not 
always be considered included for comparison. These invoive 
such items as inventory costs, inspection costs, test costs, board 
materials costs, and of course the very costly time spent design- 
ing and debugging such systems, and isolating and replacing 
units which fail. With each design change, the cost of a custom 
solution rises dramatically, while that of a user-customizable 
approach is minimal. The relationship between the various 
alternatives is summarized in Figure 5. 





Another economic benefit of the use of PLDs is that when one PAL 
device is used in several different designs, as is often the case, 
the user has not committed that device to any one of the particular 
designs until the device has been programmed. This means that 
inventory can be stocked for several different designs in the form 
of one device. As requirements change, the parts can be 
programmed to fit the need. And inthe case of reprogrammable 
CMOS devices, one is not committed even after programming. 


There is also a cost-effective PLD solution for high-volume 
production. Just as aROMis aPROM which has been hard-wired 
for mass production, HAL® (Hard Array Logic) devices can be 
produced in high volumes for extra cost savings. This mask- 
programmed version can be produced in high volume with 
unparalleled quality. In addition, in the event that production 
quantities for your system show an unexpected increase, the 
equivalent PAL or ProPAL™ devices (in-factory programmed 
PAL devices) can be quickly obtained and programmed in your 
factory, by Advanced Micro Devices, or through distribution to 
cover the temporary shortage. More details on HAL and ProPAL 
devices are provided later in the Data Book. 
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One final subtle cost issue is derived from the ease with which a 
competitor can copy adesign. PLDs have a unique feature called 
a security fuse, whose purpose is to protect a design from being 
copied. By using secured PLDs extensively in a system, one can 
safely avoid having one’s system easily deciphered. The added 
design security provided by this feature can buy extra market 
time, forcing competitors to do their own original design work 
rather than copying the designs of others. 





SUMMARY 


Programmable logic provides the means of creating semi-custom 
designs with readily available standard components. There is a 
wide variety of PLDs; PAL devices are most widely used, and 
perform well for basic logic and some sequencing functions. 
Other dedicated sequencers provide the circuitry required to 
implement more complex designs. 


By assuming some of the attributes of gate arrays, programmable 
logic provides the cost savings of any other semicustom device, 
without the extra engineering costs, risks, and design delays. 
Reliability is also enhanced as quality increases and board 
complexity decreases. 


The design tasks are greatly simplified due to the design tools 
which are now available. Design software and device program- 
mers allow top-down high-level designs, with a minimum of time 
spent on actual implementation issues. Simulation allows some 
design debug before a device is programmed. 


For all of these reasons, programmable logic has become, and 
will continue to be, the design methodology of choice among 
digital systems designers. 
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Advanced Micro Devices offers the industry’s widest 
variety of PLDs, implemented in a variety of technolo- 
gies. In this section, we will briefly discuss the device 
families, and look at the various architecture, speed, and 
power options. More specific device information can be 
found in the individual data sheets in sections 2-4. 
Discussions on some of the special architectural features 
of many ofthe devices can also be foundin their respective 
data sheets. 


There are six basic PLD areas addressed by Advanced 
Micro Devices’ PLDs: 


¢ High-speed PAL® devices 

* Universal PAL devices 

e Industry-standard PAL devices 
¢ Low-power PAL devices 

* Special architecture PLDs 

¢ Programmable gate arrays 


The largest application area is that covered by the PAL 
devices. There is a wide variety of PAL devices, ranging 
from simple devices that address general logic design 
problems to more sophisticated devices that deal with 
more complex problems. 


Within the group of special architecture PLDs, there is 
also a series of sequencers that are not PAL devices, 
featuring architectures particularly well suited to 
sequencing operations. While there are PAL devices 
that work well as state machines in addition to their other 
applications, these dedicated sequencers have given up 
some of their generality to provide optimal state machine 
solutions. 


The final area, that of high-density design, is addressed 
by the programmable gate arrays (PGAs) which provide 
a PLD with thousands of gates. The PGAs are described 
briefly in this data book; for more detail, please referto the 
PGA Handbook. 


Design software radically simplifies the design of any 
circuit ina PLD. PALASM® software can be used for all 
PAL and PLS devices. PLD design software is discussed 
briefly in section 5. 


HIGH-SPEED PAL DEVICES 


AMD oifers the fastest PAL devices on the market today. 
We were the first to introduce the 40-ns PAL device in 
1978 and have been the first to market on all five 


successive generations. In the last decade, we have 
improved the performance of PAL devices almost six- 
fold. As the market leaderinthe PLD arena, we fully expect 
to introduce even faster devices in the future. 


Roadmap to Fastest PAL Devices 


Original PAL Device 


PAL20R8A 


PAL20R8-7 


\ PAL20R8B 
PAL20R8-10 


Propagation Delay (ns) 





PAL16R8-7 
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Market Introduction 


Currently, we have the bipolar TTL PAL16R8 family of 
20-pin devices in 7.5-ns speed grade and the PAL20R8 
family of 24-pin devices, also in 7.5-ns speed grade, 
available in volume production. These families include 
both registered (16R4, 16R6, 16R8, 20R4, 20R6, 20R8) 
and combinationa! devices (16L8, 20L8). They are used 
in a wide variety of applications where performance 
and space are critical, often replacing FAST™ and 
AS SSI/MSI logic circuits. For applications where the 
absolute fastest devices are not needed, other speed 
grades are offered at a lower cost and/or lower power 
consumption. 


AMD’s new EE CMOS process also provides high-speed 
universal PAL devices. The PALCE16V8 has a 10-ns 
version; most other EE CMOS devices have a 15-ns t,,, 
while using half or even a quarter of the power required 
by their bipolar equivalents. 


For exceptionally high performance, AMD offers ECL in 
addition to bipolar TTL PAL devices. AMD’s ECL PAL 
devices are the 24-pin PAL10H/10020EV8 and PAL10H/ 
10020EG8. These are the industry’s first ECL PAL devices 
with output logic macrocells, a variable product term 
distribution and other advanced features. They support 
state-machine applications running at 125 MHz and 
are available in both 10KH and 100K ECL logic level 
versions. Even higher performance ECL PAL devices will 
be available in the future. 
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High-Speed PAL Devices 


Functional Description 


Part | 
Number Pin ARRAY INPUTS ARRAY OUTPUTS | prod. Terms Spd/Pwr 
Count a dae bk |r| comb macro P" OP 


6 
20 2 
4 


PAL16L8 
PAL16R8 
PAL16R6 


ORAS 88 


PAL20L8 
PAL20R8 
PAL20R6 
PAL20R4 


Sr 


PAL24L10** 
PAL24R10** 
PAL24R8** 
PAL24R4** 


PAL22V10 


PAL10H20EV 0-8 
PAL10020EV8 


UNIVERSAL PAL DEVICES 


Have your design needs included a non-standard mix of 
inputs and outputs or choosing a variable number of 
combinatorial/registered/latched inputs and/or outputs 
forthe given application? How about stocking only one or 
two PLDs to reduce your inventory costs? 


The solution to your problem is AMD’s family of universai 
PAL devices. We pioneered the concept of user- 
programmable output logic macrocells with the 
PAL22V10. With this macrocell, you can configure an 
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output for combinatorial or registered operation and 
active-low or active-high polarity. This is what makes the 
PAL22V 10 universal, for it can substitute for virtually all 
of the standard 24-pin PAL devices on the market. The 
PALCE26V12 is a 28-pin version which provides more 
inputs and outputs for those designs that don't quite fit 
into a PAL22V10. 


But we did not stop there. Asecond new feature pioneered 
with the PAL22V10 is variable product term distribution; 
the 10 outputs on this device are arranged in pairs with 
16, 14, 12, 10 oreight product terms on each output. With 
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up to 16 product terms, the PAL22V10 canimplement far 
more complex logic functions than can be supported by 
other 24-pin devices. No wonder the PAL22V10 is the 
most popular PAL device on the market today. And now 
both faster (15 ns, 50 MHz) and reprogrammable low- 
power CMOS (15, 25 ns; 55, 90 mA) versions are 
available from AMD. 


The PALCE16V8, PALCE20V8, and PALCE24V10 are 
EE CMOS universal devices that have the additional 
capability of directiy taking the designs of standard 20-, 
24-, and 28-pin PAL devices, respectively. They provide 
a cost-effective means of reducing inventory, lowering 
power, and reducing risk. 


The PALCE610 adds to the basic macrocell by providing 
16 1/O macrocells that can be configured with D, T, J-K, 
or S-R flip-flops. 


The PALCE29M16 further enhances the macrocell 
concept. Its macroceil can be an input or an output 
macrocell that can be configured three ways: combi- 
natorial, latched or registered. Sixteen ofthese macrocells 
are available in a 24-pin 300-mil package. And eight of 
the macrocells can be buried, allowing the connecting 
pins to be used as dedicated inputs. The PALCE29M16 
also offers variable product term distribution. 


For those applications where registers and latches are 
not needed, the AMPAL18P8 (20-pin) and AMPAL22P10 
(24-pin) are perfect. These PAL devices with 
programmable polarity can flexibly replace almost all 
standard 20- and 24-pin combinatorial PAL devices. As 
a result, they significantly reduce your inventory. They 
are available in several speed-power grades to meet 
most application requirements. 


PAL22V10 Logic Macrocell 





(8) cary OP ee 


Pi 





n= 8, 10, 12, 14, 16 








ACTIVE LOW 


ACTIVE HIGH 


Combinatorial i/O 


ACTIVE LOW 


ACTIVE HIGH 


The output logic macroceli makes the PAL22V10 universal, for it 
can substitute for virtually all of the standard 24-pin PAL devices 


on the market. 
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Universal PAL Devices 
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ARRAY INPUTS 
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Standard PAL Devices 


Functional Description 


Part 
Number ARRAY INPUTS ARRAY OUTPUTS 





| PAL20L8 
PAL20R8 


PAL20R6 


PAL20R4 


fern | pie 
ee 0 10 10 4 
10 8 8 3—4 
10 4 4 3-4 


PAL20L10 


PAL20X10 





INDUSTRY-STANDARD PAL DEVICES 


As we have increased speed on the TTL PAL devices, we 
have also reduced the power consumption on the slower 
devices by as much as 75 percent. As a result, both the 
industry-standard 20-pin and 24-pin PAL device families 
are available in a variety of speed and power grades. This 
allows the designer to select the optimum performance at 
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the lowest possible cost and power consumption. These 
20- and 24-pin devices are used in applications where 
the advantages of reduced package count, such as 
higher reliability and lower power consumption, improve 
the overall price-performance of the end-product. Often 
these benefits are realized by replacing Schottky, ALS, 
LS and some CMOS SSI/MSI logic circuits with these 
PAL devices. 
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Low-Power PAL Devices 


Functional Description 


Part 
Number 


LOW-POWER PAL DEVICES 


AMD is the only major supplier of programmable logic 
devices to offer a broad line of low-power CMOS devices. 
And we are the only PLD supplier with such a compre- 
hensive CMOS programmable logic fine. 


There are two basic types of CMOS PAL devices: those 
that dissipate essentially no power when in a quiescent 
state, and faster devices which draw nominal! current 
even when quiescent. Devices are thus classified as 
“Zero-power’ or “low-power.” 


Zero-power PAL devices are particularly suited for 
products that are portable or battery operated. Inastand- 
by mode they consume less than 100 yA supply current. 
Low-power CMOS devices can cut system power 
consumption 50 percent by replacing equivalent 25-ns 
and 35-ns speed TTL PAL devices. In addition, these 
devices canalso save significant board space by replacing 
several CMOS SSI/MSI devices from families such as 
FACT™, ACL, MC14000, etc. By consolidating several 
SSI/MSI packages into a single CMOS PAL device, the 
power consumption can be cut even further. 


SPECIAL ARCHITECTURE PLDs 


AMD offers a wide variety of programmable logic devices 
which have been enhanced architecturally to provide a 
high level of integration and performance. They include 
a family of sequencers optimized for state-machine 
applications, and asynchronous devices which have 
been designed to implement asynchronous design 
functions optimally. These products offer you 
unprecedented flexibility in selecting the right PLD forthe 
application at hand. 


Programmable Logic Sequencers 


AMD's programmable logic sequencer family gives you 
high speed, functionality and a wide selection. Several 
devices are available in several speed-power grades so 
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you can choose the appropriate one for your application. 
Four types of sequencers are offered: PAL-based, PLA 
(Programmable Logic Array)-based, PROM-based and 
instruction-based. Each has its own benefits, but together 
they offer you the choice of using a familiar and 
comfortable architecture. 


The PAL-based AmPAL23S8 is a compact sequencer 
device that packs 14 registers into a space-saving 20-pin 
300-mil DIP. With a 20-ns propagation delay and 33-MHz 
external/40-MHz internal cycle time, it is ideal for high- 
performance applications where board real estate is 
valuable. The PAL32VX10 offers all the benefits of the 
industry-standard PAL22V10 plus J-K flip-flops and the 
ability to bury its 10 registers, freeing valuable I/O pins. 














PAL-BASED 
AmPAL23S8 ~— Compact 
PAL32VX10 «— Enhanced 


INSTRUCTION-BASED 
Am29CPL100 Family 










SEQUENCER 
POSITIONING 















PLA-BASED 
PLS30S16 
pisios }— 40 MHz 


PLS167 
PLsies }— 33 MHz 





PROM-BASED 
Am2971A ~— Timing Generator 








The PLA-based family consists of the PLS105, PLS167, 
PLS168, and PLS30S16. The PLS105 and PLS30S16 
run at a blazing 40 MHz and are available in a 28-pin 300- 
mil DIP. The PLS167/168 operate at 33 MHz but consume 
only 160 mA of supply current. The PLS105/167/168 
come with six buried registers and 48 logical product 
terms which can be shared between all outputs and the 
buried registers. The PLS30S16 has up to 12 buried 
registers, allows combinatorial outputs, has 64 product 
terms, and allows registered inputs. 
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The Am2971A PEG™ (Programmable Event Generator) 
is a PROM-based, 100-MHz, general-purpose, user- 
programmable waveform generator. With 12 indepen- 
dent, registered, programmable outputs, it can be applied 
to a host of useful timing applications including general 
state machines. 


The instruction-based family of sequencers consists of 
two members. They are single-chip, field-programmable 
controllers that can implement state machines and 
controllers by programming the appropriate sequence of 
instructions. With complete high-level software support, 
these devices are as easy to use as microprocessors. 
The Am29CPL151 operates at a maximum of 33 MHz. 
The Am29CPL154 offers a very deep PROM (512 words) 
so that larger state machines can be implemented. Both 
devices are manufactured in 28-pin, 300-mil packages. 


Apowertulinstruction-set makes the Am29CPL100 family 
easy to use. Instruction types include conditional 
branching, looping and subroutine call. Each line of code 
in an Am29CPL100 program typically corresponds to 


one state in a state machine diagram. Program code is 
easy to write because it closely mimics the way the 
human mind logically thinks about control problems. 
Also, the number of lines of program code required to 
implement an application is significantly reduced in com- 
parison to conventional Boolean equation-based 
approaches. This means more efficient use of program 
memory, faster design entry and debugging, and faster 
algorithm execution. 


Finally, if you are looking forthe fastest device to implement 
your state-machine application, consider our 74-MHz 
standard 20- and 24-pin registered devices (PAL16R4/ 
R6/R8-7, PAL20R4/R6/R8-7). Although not optimized 
for state machine applications, they are the fastest 
available TTL logic and can easily be adapted as state 
machines. 


So there you have it—a wide selection of programmable 
logic sequencers to meet your application needs. And 
only AMD offers a complete solution. 


Sequencer Devices 
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Functional Description 
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PAL20RA10 
RA Cell Configuration 


PL OE 

















INPUT 








Asynchronous PAL Devices 


Currently AMD makes six devices that are function- 
specific. They support asynchronous and bus interface 
applications. We expect to expand our offering to 
encompass even more functions over the next few years. 


The 24-pin PAL2OQRA10 and its 20-pin counterpart, 
PAL16RA8, are optimized for asynchronous applica- 
tions. They contain ten and eight D-type flip-flops, 
respectively, driven by a PAL array. Each flip-flop has 
individually programmable Clock, Reset and Preset 
product terms. In addition, programmable polarity is 
offered on each output. With such features, these devices 
are well suited to replacing glue logic in your system. 
Also, we now have available a faster (20 ns, 30 MHz) 
version of the PAL20RA10 for high-speed applications. 


The CMOS PALCE29MA16 combines some of the 
advantages of the PALCE29M16 with the advantages of 
the PAL2ORA10. It has one dedicated Clock/Latch 
Enable input as well as product terms for each of the 
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16 macrocells to allow individual clocking, asynchronous 
Reset and asynchronous Preset. It also features variable 
productterm distribution. To topit off, the PALCE29MA16 
is electrically reprogrammable in a plastic 300-mil 
package. 


The PAL22iP6 Interface Protocol Asynchronous Cell 
(IPAC) offers a unique patented architecture, which 
makes it ideal for implementing bus-interface protocol 
applications, self-timed circuits and asynchronous state- 
machine designs. It is a24-pin device with six high-drive 
(48 mA and 64 mA) output macrocells. 


These macrocells contain totally new logic storage 
elements. The logic storage elements are edge-activated 
flips-flops which do not require a separate clock for 
storing data signals. Instead the signals are stored in the 
flip-flops in direct response to their rising or falling edges. 
This provides a convenient way of implementing 
asynchronous handshake protocols. Please refer to the 
device data sheet for more information. 


Asynchronous PAL Devices 


Functional Description 
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PROGRAMMABLE GATE ARRAYS 


The Programmable Gate Array (PGA) is the first device 
to successfully bridge the gap between field- 
programmable logic and gate arrays. The PGA effectively 
combines the benefits of low-power CMOS LSI tech- 
nology and the advantages of user programmability with 
the gate density and logic flexibility previously obtainable 
only with gate arrays. 


The PGAprovides a quantum jumpin field-programmable 
logic device capability extending its usable functional 
density into a realm beyond that of more conventional 
programmable logic devices. Much greater density is 
achieved with the PGA by use of a flexible array-type 
architecture more versatile than that of conventional 


PLDs, which are increasingly inefficient as gate density 
is increased. The AMD Am2018 1800-gate PGA device 
can replace aS many as six 1200-gate PLD devices in 
some applications. 


Gate arrays, on the other hand, may provide densities 
higher than those of current PGAs. However, gate arrays 
typically require longer development times, design risks 
and higher development cost. 


The PGAis the ideal option for the PLD designer wishing 
to achieve a new level of system functional density and 
forthe gate array user looking fora low-cost, low-risk, and 
easy-to-use alternative which provides instant prototyping 
through the power of in-system verification. 


Programmable Gate Arrays 


Part 
Number 


* in development 


Description 
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Package Types —P = Plastic DIP; J = Plastic Leaded Chip Carrier; 





G = Pin Grid Array 





1-18 


Product Overview 





Development Software Support for PGAs 


Part Number Description 

AmPGA151* PGA Bundled Development System 

AmPGA251* PGA Bundled Development System with Simulation 
AmPGAO51 FPGA Design System 

AmPGA351 FPGA Development System 


AmPGA451 FPGA Development System with Simulation 


AmPGA434 FPGA Design System with Mentor Interface and Libraries 


AmPGA081 Programmer for Serial Configuration PROM 





“These will be replaced by AmPGA351 and AmPGA451. 
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4-59 
4-59 


4-31 
4-31 


3-63 
3-98 


3-133 


4-43 
4-43 
4-43 
4-43 
4-43 


2-75 

2-95 
2-169 
2-237 
2-265 
2-300 
2-316 
2-354 
2-332 
2-391 


4-3 
4-17 

4-3 
4-17 


PAL16L8 
PAL16RA8 
PAL16R4 
PAL16R6 
PAL16R8 


PAL20L10 
PAL20L8 
PAL20RA10 
PAL20R4 
PAL20R6 
PAL20R8 


PAL20X10 
PAL20X4 
PAL20X8 


PAL22IP6 
PAL22V10 


PAL24L10 
PAL24R10 
PAL24R4 
PAL24R8 


PAL32VX10 


PLSCE105 
PLSCE167 
PLSCE168 


PLS105 
PLS167 
PLS168 
PLS30S16 


2-24 
2-24 
2-24 
2-24 
2-24 


2-188 
2-107 
2-153 
2-107 
2-107 
2-107 


2-188 
2-188 
2-188 


2-212 
2-237 


2-282 
2-282 
2-282 
2-282 


2-376 


3-3 
3-21 
3-21 


3-3 
3-21 
3-21 
3-40 
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Standard PAL Devices 


16R8 | PAL16L8-7 
PAL16R8-7 


PAL16R6-7 
PAL16R4-7 


PALI6L8D 
PAL16R8D 
PALI6R6D 
PAL16R4D 


PALI6L8H-15 
PAL16R8H-15 
PAL16R6H-15 
PAL16R4H-15 


PAL16L8B 
PAL16R8B 
PAL16R6B 
PALI6R4B 


| PALI6L8B-2 
| PALI6R8B-2 
PAL16R6B-2 
PAL16R4B-2 














20N.J,NL TTL 
20P,D,J TTL 


20N,J,NL TTL 
20N,J,NL TTL 














PALI6L8A 20N,J,NL TTL 
PALIGR8A 
PALI6RG6A 
PALI6R4A 
PAL16L8B-4 20N.J,NL TTL 








PAL16R8B-4 
PAL16R6B-4 
PAL16R4B-4 


PAL16L8A-2 





20N,J,NL TTL 
PAL16R8A-2 
PAL16R6A-2 
. PAL16R4A-2 
20R8 | PAL20L8-7 


PAL20R8-7 
PAL20R6-7 
PAL20R4-7 


PAL2018-10 
PAL20R8-10 
PAL20R6-10 
PAL20R4-10 


PAL20L8B 
PAL20R8B 
PAL20R6B 
PAL20R4B 
















PAL20L8A 
PAL20R8A 
PAL20R6A 
PAL20R4A 


20P,D,J TTL | 


_ 
(o) 


24P ,D,28J TTL 

24P,D,28J TTL 

24NS,JS, TTL 
28NL 


PAL20L8B-2 24NS,JS TTL 
PAL20R8B-2 28FN 

PAL20R6B-2 

PAL20R4B-2 


24NS,JS, TTL 
28NL 


<3 
a 


6 Comb 


Product t 
Inputs vO Outputs Terms/Output ns 
7. 
8 





- 8 
8 2 Comb 
8 4 Comb 


180 


155 
180 
180 
180 
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or 
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aon oo 
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Standard PAL Devices (Cont.) 


Product 
Family Part Number Package Technology VO Terms/Output 


PAL20L8A-2 24NS.JS, 
PAL20R8A-2 28NL 
PAL20R6A-2 

PAL20R4A-2 


PAL24L 10-10 
PAL24R10-10 


PAL24R8-10 
PAL24R4-10 


PAL20L10A 24NS,JS, 
PAL20X10A 28NL 
PAL20X8A 

PAL20X4A 


AmPAL20L10B 24P ,D,28J 
AmPAL20L 10-20 
AmPAL20L10AL 





Universal PAL Devices 






Product 
Terms/Output 








Varied Term 
Distribution 


PAL22V10- 10 
PAL22V10-15 
AmPAL22V10A 
AmPAL22V 10 


24P ,D ,28J 





























AmPAL18P8B 20P,D,J TL 8 Comb | Polarity 
AmPAL18P8AL 25 90 | 
AmPAL18P8A | 25 180 
AmPAL18P8L 35 90 
22P10 | AmPAL22P10B | 24P,D,28J TTL 10 Comb Polarity 15 180 
AmPAL22P 10AL 25 90 
AmPAL22P10A 25 180 | 
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Asynchronous PAL Devices 










Product 
Terms/ 








Other 


4 







3 


29MA16 bH25 















ee 





| 20RA10 | PAL2ORA10-2 Program- 20 
PAL20RA10 mable 30/35* 
16RA8 |PAL16RA8 20N,J,NL T Program- 30/35* 170 | 
mable 














TL 
IPAC™ [PAL22IP6-25 24P,D,28J | TTL Edge- | 48-64 mA1,, 210 
| | Activated 

Flip-Flops | 


* Active HIGH 


Sequencer PAL Devices 


| | Product | 
Terms/ 
Family Output Features 
2388 AmPAL23S8-20 TTL 4Macro| 4 Reg 6-12 6 Buried 
AmPAL23S8-25 | | Flip-Flops 
| 32VX10 | PAL32VX10A TTL 12 {10 Macro Buried Flip-Flops, 
PAL32VX10 J-K Flip-Flops 


Family | Part Number Package /iTechnology 


PLA structure, 
complement 


2 


oe 
24NS,J 


a 


Program- | 
mable 


|Controllers |, PO 


Am2971A 2 4L TT Frequency-multiplying 
phase-locked loop 
ECL PAL Devices 


Array 
Family Size Features 





Product 
Terms/Output 


ECL PALIOH20EV8-6 | 24P,D,28J ECL 10KH 8 Macro 260 
| PAL10020EV8-6 ECL 100K (Reg) 285 
PAL1OH20EG8-6 ECL 10KH 8 Macro 260} 


PAL10020E G8-6 ECL 100K (Latched) 285 
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Field-Programmabie Gate Arrays 


vO Configurable Equivalent 
Part Number Package Technology Blocks Logic Blocks Flip-Flops 





Logic 
Cell 
Array 
3000 
Series 





AMD Devices Package . | Package 


Plastic DIP Windowed SKINNYDIP 
Plastic SKINNYDIP® PLCOC-20-pin 
Plastic SKINNYDIP Option | PLCC-28-pin non-JEDEC 
Ceramic DIP PLCOC-28-pin JEDEC 
Ceramic SKINNYDIP Leadiess Chip Carrier 

oe Pin Grid Array 





“MMI” devices are those produced by Monolithic Memories, Inc. before the companies merged. 





pe 9 nal COM’L MIL 


PAL16R8 Family 


20-pin TTL Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 
™ As fast as 7.5 ns maximum propagation delay 


™ Popular 20-pin architectures: 16L8, 16R8, 
16R6, 16R4 


m@ Programmable replacement for high-speed 
TTL logic 


= Power-up reset for initialization on most 
devices 


GENERAL DESCRIPTION 


The PAL16R8 Family (PAL16L8, PAL16R8, PAL16R6, 
PAL16R4) is AMD’s standard 20-pin PAL device family. 
The devices provide user-programmable logic for re- 
placing conventional SSI/MSI gates and flip-flops at a 
reduced chip count. 


The family allows the systems engineer to implement 
the design on-chip, by opening fuse links to configure 
AND and OR gates within the device, according to the 
desired logic function. Complex interconnections be- 
tween gates, which previously required time-consuming 
layout, are lifted from the PC board and placed on sili- 
con, where they can be easily modified during prototyp- 
ing or production. 


The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 


PRODUCT SELECTOR GUIDE 






DEVICE 
PAL16L8 


6 comb. 
2 comb. 
+—;—} a 
6 reg. 
2 comb. 
4 reg. 
4 comb. 







PAL1 6R8 
PAL16R6 


PAL16R4 








PAL and PALASM are registered trademarks of Advanced Micro Devices. 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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DEDICATED PRODUCT TERMS/ 
INPUTS | OUTPUTS OUTPUT FEEDBACK ENABLE 


cr 


Advanced 
Micro 
Devices 


™ Easy design with PALASM® software 


Programmable on standard PAL® device 
programmers 


mM 20-pin DIP and PLCC packages save space 


In addition, the PAL device provides the following op- 
tions: 


- Variable input/output pin ratio 
— Programmable three-state outputs 
— Registers with feedback 


Product terms with all connections opened assume the 
logical HIGH state; product terms connected to both 
true and complement of any single input assume the 
logical LOW state. Registers consist of D-type flip-flops 
that are loaded on the LOW-to-HIGH transition of the 
clock. Unused input pins should be tied to Vcc or GND. 


The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro- 
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod- 
ules. See the Programmer Reference Guide for ap- 
proved programmers. Once the PAL device is pro- 
grammed and verified an additional connection may be 
opened to prevent pattern readout. This feature secures 
proprietary circuits. 







prog. 
on 






Publication # 10240 Rev. B Amendment /0 





issue Date: January 1990 


PERFORMANCE OPTIONS 


(Commercia!) 


Speed 
(tpp, NS) 





Power (Icc, MA) 


Note: 
For low power and high speed, the EE CMOS PALCE16V8 can directly replace the PAL16R8 Family. 


OPERATING RANGES 


|_Commercial_| Military 










pions) |b sn) | 
[8 (1Sns) |B (20g 
B-4 (35 ns) B-4 (50 n: 
A-2 (35 ns) : 







) 
2 (30 ns) 

| B4(35ns)_ | B-4(50ns) | 
2 (50 ns) 
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en 


BLOCK DIAGRAMS : 


PALI6L8 
INPUTS 


10 


M 
a 








PROGRAMMABLE 
AND ARRAY 
(32 X 64) 










s\ ; . 
€ ¢ © « ¢ « © U 
0, VOp V/Og VO« Os VOg VvO7 Os 
12468-004A 
PAL16R8 
CLK INPUTS OE 
& 

Wy, 


V N\A 
i 





PROGRAMMABLE 
AND ARRAY 
(32 X 64) 


12468-001A 
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se Et a fe a a a 
BLOCK DIAGRAMS 


PAL16R6 
CLK INPUTS OE 






PROGRAMMABLE 
AND ARRAY 










¢ § e & S S yg © 
VO, O2 03 Q Os, Og O7 VOg 
12468-002A 
PAL16R4 
CLK INPUTS OE 


7 i Y, 





PROGRAMMABLE 
AND ARRAY 
(32 X 64) 







¢ ¢ & 8 8 8 2 ¢ 
03 O4 Os 


voy VO2 Og VO7 Vg 
12468-003A 
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CONNECTION DIAGRAMS 
Top View 


DIP/FLATPACK 
(NOTE 1) 201 | Vcc 
l,{ fe 197] (NOTE 10) 
l,[-]3 [_] (NOTE 9) 
Ig{ |4 (NOTE 8) 
Ig] [5 16} | (NOTE 7) 
Is| |6 |_| (NOTE 6) 
Ig 17 | | (NOTE 5) 
i7[_}8 [] (NOTE 4) 
Ig|_ 9 |_| (NOTE 3) 





GND [_] 10 117 | (NOTE 2) 


12468-005A 





















PLCC/LCC 
> 
LL LL 
- 
O gO 
sa r £€ SPE 
Ae eae eEe 
fo 3 2 1 20 19 \ 
Is] 4 ® [] (NOTE 9) 
4} 5 ,] (NOTE 8) 
Ie 16 | (NOTE 7) 
leL_47 (NOTE 6) 
7L is 141] (NOTE 5) 
_9 10 11 12 13 
LJ} LO LI 
- AnWa Fr 
5 E = = 12468-006A 
5 ; 
Ze 2 


PIN DESIGNATIONS 


CLK Clock 

GND Ground 

| Input 

/O Input/Output 
O_ Output 

OE Output Enable 
Vec Supply Voltage 
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ORDERING INFORMATION 
Commercial Products (AMD Marking Only) 


AMD programmable logic products for commercial applications are available with several ordering options. The order 
number (Valid Combination) is formed by a combination of: Family Type 

Number of Array Inputs 

Output Type 

Number of Outputs 

Power 

Speed 

Package Type 

Operating Conditions 

Optional Processing 


“sa resaooD 


PAL 16 R 8H-15 PC 





L i. OPTIONAL PROCESSING 
Blank = Standard Processing 


a. FAMILY TYPE 
PAL = Programmable Array Logic 


b. NUMBER OF h. OPERATING CONDITIONS 


ARRAY INPUTS C = Commercial (0°C to +75°C) 


c. OUTPUT TYPE g. PACKAGE TYPE 
R = Registered P = 20-Pin Plastic DIP (PD 020) 
L = Active-Low Combinatorial J = 20-Pin Plastic Leaded Chip 
Carrier (PL 020) 
d. NUMBER OF OUTPUTS 20-Pin Geramic DIP (CD 020) 
e. POWER 


H = Half Power (100 mA Icc) 
Blank = Full Power (180 mA Icc) 








D 








f. SPEED 
-7 = 7.5nstpp 
-15 = 15 nstpp 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 


, Valid Combinations | 


PALI6L8 

PAL16R8 

: -7, H-15] PC, JC, DC 
PAL16R6 


PAL16R4 












Note: Marked with AMD logo. 
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ORDERING INFORMATION 
Commercial Products (MMI Marking Only) 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 


(Valid Combination) is formed by a combination of: 


PAL 


16 





a. FAMILY TYPE 
PAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


c. OUTPUT TYPE 
R = Registered 
L = Active-Low Combinatorial 


d. NUMBER OF OUTPUTS 


e. SPEED 
D = Ultra High Speed (10 ns tpp) 
B = Very High Speed (15-35 ns tpp) 
A = High Speed (25-35 ns tpp) 


f. POWER 
Blank = Full Power (155-180 mA Icc) 
-2 = Half Power (80-90 mA Icc) 
-4 = Quarter Power (55 mA Icc) 





| PALt6L8 | CN, CNL, CJ 
aa | 


PAL16R4 










rsa Sao op 











Family Type 

Number of Array Inputs 
Output Type 

Number of Outputs 
Speed 

Power 

Operating Conditions 
Package Type 

Optional Processing 


R 8B -2CN 


OPTIONAL PROCESSING 


L_ i. 
Blank = Standard Processing 


h. PACKAGE TYPE 
N = 20-Pin Plastic DIP 


(PD 020) 
NL = 20-Pin Plastic Leaded 
Chip Carrier (PL 020) 
J = 20-Pin Ceramic DIP 
(CD 020) 
OPERATING CONDITIONS 


C = Commercial (0°C to +75°C) 





Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 


Note: Marked with MMI logo. 
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ORDERING INFORMATION 
APL Products (AMD Marking Only) 


AMD programmable logic products for Aerospace and Defense applications are available with several ordering op- 
tions. APL (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number 


(Valid Combination) is formed by a combination of: a. 


PAL 





a. FAMILY TYPE 
PAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


c. OUTPUT TYPE 
R = Registered 
L = Active-Low Combin 


d. NUMBER OF OUT 


e. SPEED —— 
-12 = 1 I ip 


f. DEVICE CL 
/B = Class 8 


ee Combinations 


ae 


PAL1 | PALI6R8 | 
ae 6R6 


| PALI6R4 | 


/BRA, /B2A 





Group A Tests 


16 R 8-12/B RA 


Family Type 

Number of Array Inputs 
Output Type 

Number of Outputs 
Speed 

Device Class 

Package Type 

Lead Finish 
















LEAD FINISH 
A = Hot Solder Dip 


g. PACKAGE TYPE 
R = 20-Pin Ceramic DIP 
(CD 020) 
2 = 20-Pin Ceramic 
Leadiess Chip Carrier 
(CL 020) 


Valid Combinations 


The Valid Combinations table lists configura- 
tions planned to be supported in volume for this 
device. Consult the local AMD sales office to 
confirm availability of specific valid combina- 
tions, to check on newly released combinations, 
and to obtain additional data on AMD’s standard 
military grade products. 


Note: Marked with AMD logo. 


Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 


Military Burn-in 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A 


through E. Test conditions are selected at AMD’s option. 
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ORDERING INFORMATION 
APL Products (MMI Marking Only) 


AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: Family Type 

Number of Array Inputs 

Output Type 

Number of Outputs 

Speed 

Power 

Operating Conditions 

Package Type 

Optional Processing 


“ra mP AO oD 


PAL 16 R 8B -2 M J /883B 


a. FAMILY TYPE 
PAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


c. OUTPUT TYPE 


i. OPTIONAL PROCESSING 
/883B = MIL-STD-883, Class B 


h. PACKAGE TYPE (Per 09-000) 











R = Registered J = 20-Pin Ceramic DIP 
L = Active-Low Combinatorial " ee rece 
= 20-Pi m 
d. NUMBER OF OUTPUTS (CFLO20) sae 
L = 20-Pin Ceramic Leadless 

asda Chip Carrier (CL 020) 

D = Ultra High Speed (15 ns tpp) 

B = Very High Speed (20-50 ns tpp) g. eee CONDITIONS 

A = High Speed (30-50 ns tpp) = Military 
f. POWER 





Blank = Full Power (180 mA Icc) 
Half Power (90 mA Icc) 
= Quarter Power (55 mA Icc) 


Mu/8838, 
B-2,A, | MW/883B, 
B-4,A-2 | ML/883B 


AR 
rou 


Valid Combinations 


The Valid Combinations table lists configura- 
tions planned to be supported in volume for this 
device. Consult the local AMD sales office to 
confirm availability of specific valid combina- 
tions, to check on newly released combinations, 
and to obtain additional information on AMD’s 
Standard Military grade products. 


















Note: Marked with MMI logo. 


Group A Tests 
Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 


Military Burn-in 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A through 
E. Test conditions are selected at AMD’s option. 
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FUNCTIONAL DESCRIPTION 
Standard 20-pin PAL Family 


The standard bipolar 20-pin PAL family devices have 
common electrical characteristics and programming 
procedures. Four different devices are available, includ- 
ing both registered and combinatorial devices. All parts 
are produced with a fuse link at each input to the AND 
gate array, and connections may be selectively re- 
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo- 
rithm, these products can be rapidly programmed to any 
customized pattern. Information on approved program- 
mers can be found in the Programmer Reference Guide. 
Extra test words are pre-programmed during manufac- 
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 


Variable Input/Output Pin Ratio 


The registered devices have eight dedicated input lines, 
and each combinatorial output is an I/O pin. The 
PAL16L8 has ten dedicated input lines and six of the 
eight combinatorial outputs are I/O pins. Buffers for de- 
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vcc or GND. 


Programmable Three-State Outputs 


Each output has a three-state output buffer with three- 
state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a 
function of any product of device inputs or output feed- 
back. The combinatorial output provides a bidirectional 
I/O pin and may be configured as a dedicated input if the 
output buffer is always disabled. On registered outputs, 
an input pin controls the enabling of the three-state out- 
puts. 


Registers with Feedback 


Registered outputs are provided for data storage and 
synchronization. Registers are composed of D-type 
flip-flops that are loaded on the LOW-to-HIGH transition 
of the clock input. 


Power-Up Reset 
Applies to -7 (-12 Mil), H-15, B, B-2, A, A-2 
Series Only 


All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the listed Series will be 


PAL16R8 Family 


HIGH due to the active-low outputs. The Vcc rise must 
be monotonic and the reset delay time is 1000 ns maxi- 
mum. 


Register Preload 
Applies to -7 (-12 Mil), H-15 Series Only 


The register on the listed Series can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load- 
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 


Security Fuse 


After programming and verification, a PAL16R8 Family 
design can be secured by programming the security 
fuse. Once programmed, this fuse defeats readback of 
the internal programmed pattern by a device program- 
mer, securing proprietary designs from competitors. 
When the security fuse is programmed, the array will 
read as if every fuse is intact. Exceptions are the -7 (-12 
Mil) Series, where the array will read as if every fuse is 
programmed. 


Quality and Testability 


The PAL16R8 Family offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro- 
gramming yields and post-programming functional 
yields in the industry. 


Technology 


The high-speed -7 (-12 Mil), D, and H-15 Series are fab- 
ricated with AMD’s advanced oxide-isolated bipolar 
process. This process reduces parasitic capacitances 
and minimum geometries to provide higher perform- 
ance. The array connections are formed with proven 
PtSi fuses for the -7 Series and TiW fuses for the D and 
H-15 Series. The remaining Series are fabricated with 
AMD's junction-isolated process, utilizing TiW fuses. 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM 
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PAL16R8 Family 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 

Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground 0.5 Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 

DC Input Voltage —1.2Vto +7.0V ee Le ee ne ey 
jperating ranges define those limits between which the func- 

DC Input Current —30 mA to +5 mA tionality of the device is guaranteed. 

DC Output or I/O Pin Voltage -0.5V to Vcc +0.5V 

Static Discharge Voltage 2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC Sea enn over COMMERCIAL operating ranges unless otherwise 
specifie 


Parameter | 
Symbol Parameter Description Test Conditions 
Vou Output HIGH Voltage lon = -3.2 MA Vin = Vin OF Vit 2.4 V 
| Vec = Min. 
Voi Output LOW Voltage loo =24mMA  Vin=Vin or Vit 0.5 V 
Vcc = Min. 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH V 
| Voltage for all Inputs (Note 1) 
Vit Input LOW Voltage Guaranteed Input Logical LOW V 
Voltage for all Inputs (Note 1) 





Input Clamp Voltage | lin=-18 MA, Voc = Min. | { 4.2 [ Ve 
Input HIGH Current Vin = 2.7 V, Voc = Max. (Note 2) | | 25 | pA 


Input LOW Current Vin = 0.4 V, Voc = Max. (Note 2) | | -250 | pA | 
Maximum Input Current Vin = 5.5 V, Voc = Max. FAT mA 


Off-State Output Leakage Vout = 2.7 V, Voc = Max. 100 | pA 
Current HIGH Vin = Vin or Vit (Note 2) 
loz Off-State Output Leakage Vout = 0.4 V, Vcc = Max. pA |. 
Current LOW Vin = Vin or Vit (Note 2) 
| Isc | Output Short-Circuit Current | Vout = 0.5 V, Voc = Max. (Note3) | -30 | -130 | mA | 


lec Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) mA 
Vcc = Max. 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 





2. WO pin leakage is the worst case of li and lozz (or liq: and lozn). 


3. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 





2-24 PAL16R8-7 Series (Com’l) 


CAPACITANCE (Note 1) 


Input Capacitance Vin = 2.0 V 
Court Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 





SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
Symbol Parameter Description ( 


Input or Feedback to 16L8, 16R6 
Combinatorial Output 1 Output Switching 16R4 





[tscaw | Skew Between Registered Outputs (Notes) | tone,1ene [1 | ns 


Clock Width LOW 
twH HIGH 


; External Feedback| 1/(ts + tco) 
Maximum 
Frequency Internal Feedback | 1/(ts + tcF) 
(Note 6) No Feedback 1/(twH + twt) 
OE to Output Enable 
OE to Output Disable 
| ten | Input to Output Enable Using Product Term Control 16L8, 16R6 


Input to Output Disable Using Product Term Control 














Notes: 

2. See Switching Test Circuit for test conditions. 

Output delay minimums are measured under best-case conditions. 
Calculated from measured fmax internal. 

Skew is measured with all outputs switching in the same direction. 


These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 


on - w 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65°C to +150°C 
Ambient Temperature 

with Power Applied —55°C to +125°C 
Supply Voltage with 

Respect to Ground -0.5Vto +7.0V 
DC Input Voltage —-0.5V to+5.5V 
DC Input Current —30 mA to +5 mA 


~0.5V to Vcc +0.5V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


DC CHARACTERISTICS over MILITARY operating 


(Note 2) 


Parameter 
Symbol 


Parameter Description | 


Vou Output HIGH Voltage , 
VoL 


Vin 


< 
= 


HD 


| = loze 


Vi 
lit 
Isc 
loc 


Notes: 


12mA 3 Vin=Vin or Vit 


Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 3) 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 3) 


Input Clamp Voltage lin = -18 MA, Voc = Min. 


OPERATING RANGES 
Military (M) Devices (Note 1) 
Ambient Temperature (Ta) 


Operating in Free Air —55°C Min. 
Operating Case (Tc) 

Temperature 125°C Max. 
Supply Voltage (Vcc) 

with Respect to Ground +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


4 


Note: 


1. Military products are teste 
and —55°C, per M 













+25°C, +125°C, 


erwise specified 






Vcc = Min. 


e 


input HIGH Current Vin = 2.7 V, Voc = Max. (Note 4) P| 25 | pA | 
Input LOW Current Vin = 0.4 V, Voc = Max. (Note 4) 
Maximum Input Current Vin = 5.5 V, Voc = Max. a ae 


lozH Off-State Output Leakage Vout = 2.7 V, Vcc = Max. 
Current HIGH 


Vin = Vin or Vic (Note 4) 


Off-State Output Leakage Vout = 0.4 V, Vec = Max. 
Current LOW Vin = Vin or Vit (Note 4) 


Output Short-Circuit Current | Vout = 0.5 V, Vcc = Max. (Note 5) 


Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) mA 
Vec = Max. 


2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vi_ and Vin are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 


without suitable equipment. 


I/O pin leakage is the worst case of ii, and lozt (or liq and lozp). 


Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 





NO 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance Vin = 2.0 V 
Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where Capacitance may be affected. 











Parameter 
Symbol | Parameter Description 


Input or Feedback to 
Combinatorial Output 1 Output Switching 
a Setup Time from Input or Feedback to Clock L 


Hold Time 


1/(ts + tco) 
I/(ts + tcr) 
1/(twH + tw) 


Input to Output Enable Using Product 
Term Control (Note 7) 16L8, 16R6 


Input to Output Disable Using Product 16R4 
Term Control (Note 7) 





Notes: 


2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Minimum value for tpp, tco, tpzx, tpxz, tea, and ten parameters should be used for simulation purposes 
only and are not tested. 


4. Calculated from measured fmax internal. 


5. Skew is measured with all outputs switching in the same direction. 


6. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


7. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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MEASURED SWITCHING CHARACTERISTICS 
Vec = 4.75 V, Ta = 75°C (Note 1) 


tpp, ns 





1 2 3 4 5 6 7 #68 
# OF OUTPUTS SWITCHING 


tpp vs. Number of Outputs Switching 





10240-001A 
8 
7 
tpp, ns 
6 
5 a 
10 30 50 70 90 110 
Ci, pF 
tpp vs. Load Capacitance 
10240-002A 





Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where tpp may be affected. 
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CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS 
Vcc = 5.0 V, Ta = 25°C 


lot, MA 


Vor, V 





10240-003A 





E- 





10240-004A 





Vi, V 





10240-005A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 

Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground 0.5 Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 

DC Input Voltage -15Vto+5.5V nee wate Sahsea neha hich thet 
perating ranges oefine those limiis between whic. e func- 

DC Output or I/O Pin Voltage -0.5V to +5.5V tionality of the device is guaranteed. 

Static Discharge Voltage 2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter 
Symbol Parameter Description __| Test Conditions 
Vou Output HIGH Voltage loo = -3.2 MA Vin = Vin Or ViL 2.4 V 
Vec = Min. 
VoL Output LOW Voltage lo. =24mMA Vin= Vin or Vit 05), V 
Vcc = Min. 
Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 
Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 
| =Vi | Input Clamp Voltage lin = —18 MA, Voc = Min. FT AB] OV 


peta Input HIGH Current Vin = 2.4 V, Voc = Max. (Note 2) Ff 25 | pA | 


Input LOW Current | Vin = 0.4 V, Voc = Max. (Note 2) | | -250 | pA | 
Maximum Input Current | Vin = 5.5 V, Voc = Max. ek 


= Off-State Output Leakage Vout = 2.4 V, Vcc = Max. 100 
Current HIGH Vin = Vin or Vit (Note 2) 
loz Off-State Output Leakage Vout = 0.4 V, Voc = Max. —100 | pA 
Current LOW Vin = Vin or Vit (Note 2) | | 
Output Short-Circuit Current | Vout = 0.5 V, Vcc = Max. (Note 3) 


lec Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) 180 | mA 
Vcc = Max. 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
















2. W/O pin leakage is the worst case of li_ and lozt (or liq and lozn). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 
Cin input Capacitance Vin = 2.0 V Vcc = 5.0 V 
Ta = 25°C 


Output Capacitance Vout = 2.0 V = 1 MHz 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 














| Other Inputs | 





SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
Symbol Parameter Description (Note 3) 
Input or Feedback to 16L8, 16R6 3 
Combinatorial Output 16R4 






[t=] Setup Time from inputor Feedback to Clock 

Tico | ChocktoOuput ——SSOSOS—~—S 

[ter | Clock to Feedback (Note 4) _——=~S~*~*~S~*dt:C RB, 0 RG 
16R4 





HIGH 


tco 

tcr 
Maximum External Feedback| 1/(ts + tco) 
Frequency Internal Feedback | 1/(ts + tcF) 





(Note 5) No Feedback 1/(tw + twr) 
tezx OE to Output Enable 


OE to Output Disable 
| tea | Input to Output Enable Using Product Term Control 16L8, 16R6 


Input to Output Disable Using Product Term Control 











Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums are measured under best-case conditions. 
4. Calculated from measured fyax internal. 
5 


. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M) Devices (Note 1) 

Ambient Temperature Ambient Temperature (Ta) 

with Power Applied —55°C to +125°C Operating in Free Air —55°C Min. 

Supply Voltage with Operating Case (Tc) 

Respect to Ground -0.5V to +7.0V Temperature 125°C Max. 

DC Input Voltage —1.5V to+5.5V Supply Voltage (Vcc) 

DC Output or I/O Pin Voltage 5.5V with Respect to Ground +4.50 V to +5.50 V 
Static Discharge Voltage 2001 V 


Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- tionality of the device is guaranteed. 


ings may cause permanent device failure. Functionality at or 

above these limits is not implied. Exposure to Absolute Maxi- Note: 

oe Ratings ve extended penods iced affect device Local 1. Military products are tested at Tc = +25°C, +125°C, 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given and -55°C, per MIL-STD-883. 
are not tested. 


(No Lo over MILITARY operating ranges unless otherwise specified 
Note 2 


Parameter 
—— Parameter Description Test Conditions 
Output HIGH Voltage lon = -2 MA Vin = Vin Or Vit re V 
Vec = Min. 
VoL | Output LOW Voltage lop = 12 MA Vin = Vin or Vit 0.5 V 
Voc = Min. 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 V 
| Voltage for all Inputs (Note 3) 
Vit Input LOW Voltage | Guaranteed Input Logical LOW 
| Voltage for all Inputs (Note 3) 
Fo oM Input Clamp Voltage ln =—18 mA, Vcc = Min. | | IS] OV] 
| Ia | Input HIGH Current Vin = 2.4 V, Voc = Max. (Note 4) | | 25 | pA 


| In| Input LOW Current Vin = 0.4 V, Voc = Max. (Note 4) | | 250 | pA | 
| {| Maximum Input Current Vin = 5.5 V, Voc = Max. Ff mA 


lozH Off-State Output Leakage Vout = 2.4 V, Voc = Max. — 100 | pA 
Current HIGH Vin = Vin or Vit (Note 4) 
loz Off-State Output Leakage Vout = 0.4 V, Voc = Max. —100 | WA 
Current LOW Vin = Vin or Vit. (Note 4) 
Output Short-Circuit Current | Vout = 0.5 V, Voc = Max. (Note 5) 


loc Supply Current Vin= 0 V, Outputs Open (lout = 0 MA) mA 
Voc = Max. 


Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vit and ViH are input conditions of output tests and are not themselves directly tested. Vi_ and Vin are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


















4. \/O pin leakage is the worst case of Ii, and lozz (or liq and lozn). 


5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 
= | Input Capacitance Vin=2.0V | Vcc=5.0V | CLK, OE 


Cin ae 
Other Inputs oF 

Output Capacitance Vout = 2.0 V Outputs 

Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 






















SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 


Fd ee ee 

Symbol | Parameter Description (Note 3) 

a 
Combinatorial Output 16R4 

[ts | Setup Time from Input or Feedback to Clock ee ee 

[tm [Hodtme 

2 

Ct 
Max. Frequency 

te atta 

|_tezx | OEto Output Enable (Note) 


Input to Output Enable Using Product 
Term Control (Note 5) 
Input to Output Disable Using Product 
Term Control (Note 5) 


Notes: 


2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. Minimum value for tpp, tco, tpzx, tpxz, tea, and teR parameters should be used for simulation purposes 
only and are not tested. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 







16L8, 16R6 
16R4 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -—65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground 0.5 Vito +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 Vto Vcc +0.5V 


; Operating ranges define those limits between which the func- 
DC Output or I/O Pin Voltage -0.5V to Vcc +0.5V tionality of the device is guaranteed. 


DC Output Current — - 16 mA 
Static Discharge Voltage 2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating rand 
specified | 











= 2.4 V, Vcc = Max. (Note 2) 
Vin = 0.4 V, Voc = Max. (Note 2) 


ck a I 


Vin = Vin or Vit (Note 2) 
Off-State Output Leakage Vout = 0.4 V, Vcc = Max. —100 | pA 
Current LOW Vin = Vin or Vit (Note 2) 


Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 3) 


Icc Supply Current Vin = 0 V, Outputs Open (lout = 0 MA) 100 | mA 
| Vcc = Max. 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

























Current HIGH 





2. W/O pin leakage is the worst case of li, and loz (or liq and lozn). 


3. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 










Parameter 
Symbol Parameter Description Test Conditions 


Cin Input Capacitance Vin = 2.0 V 


Other Inputs oF 
Output Capacitance Vout = 2.0 V Outputs 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 




















SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
Parameter _— << 
Symbol | Parameter Description ! ? 


Input or Feedback to 
Combinatorial Output 












16L8, 16R6 
16R4 










ie 


nput to Output OF 






3. Calculated from measured fax internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied ~55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground 0.5 Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 V to Vcc + 0.5 V 


; Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 













specified 


Parameter 
Symbol Parameter Description 
: 
Vit 
Vi sciits 
IH 


















cs He 
Inorts (Hot i 
as, mn i pe Hine 












ae 
Cs 
50 a 
| | 100 | pA | 


Oe ia be 
Off-State Output Le Vout = 0.4 V, Vec = Max. ~100 | pA 
Current LOW Vin = Vin or Vit (Note 2) 


Output Short-Circuit Current | Vour = 0.5 V, Vcc = Max. (Note 3) 


Vin = 0 V, Outputs Open (lout = 0 mA) Me be bd 
Notes: 


Vcc = Max. 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


aD 






















ak 


if? 
Ca 










2. WO pin leakage is the worst case of li_ and lozz (or liq and lozx). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance Vin = 2.0 V 
eer | Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 








SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
Parameter y 
Symbol Parameter Description MA. 


Input or Feedback to 
Combinatorial Output 



























Maximum nal & 
a 
Frequency 


a - 
7 
od ah D 
Bit 
‘ ay yy 









16L8, 16R6 
16R4 


where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65°C to +150°C 
Ambient Temperature 

with Power Applied ~—55°C to +125°C 
Supply Voltage with 

Respect to Ground -0.5Vto +7.0V 
DC Input Voltage -15V to+55V 


DC Output or I/O Pin Voltage 5.5 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 





OPERATING RANGES 
Military (M ) Devices (Note 1) 
Ambient Temperature (Ta) 


Operating in Free Air —55°C Min. 
Operating Case (Tc) 

Temperature 125°C Max. 
Supply Voltage (Vcc) 

with Respect to Ground +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Note: 


1. Military products are test | 5°C, +125°C, 


DC CHARACTERISTICS over MILITARY operating ranges uf 


(Note 2) 


Off-State Output “ ) 
Current HIGH 


Off-State Output Leakage 


Current LOW 


a Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) 





Supply Current 


Notes: 


Vin = 0 V, Outputs Open (lout = 0 mA) 
Voc = Max. 





oe a 


Vout = 2.4 V, Vcc = Max. 
Vin = Vin or Vit (Note 4) 


Vout = 0.4 V, Vcc = Max. 
Vin = Vin or Vit (Note 4) 


hetbceabeed 
OE ia fod 


2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vi and Vjiq are input conditions of output tests and are not themselves directly tested. Vi, and Viq are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 


without suitable equipment. 


V/O pin leakage is the worst case of li_ and lozt (or liq and lozx). 


Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance Vin=2.0V 
Output Capacitance Vout = 2.0 V 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 





where capacitance may be affected. 














SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 


os i 3 
= 









Parameter 
Symbol 






Parameter Description 


Input or Feedback to 
Combinatorial Output 











Maximum 
Frequency 














PD i 
i," 
a oy iy 
Ba Sat iy 

if 


dy, 


Wy 
Hi 





















Oy (Note 4) 
r ut to Output Di 


2. See Switching Test Circuit for test GSnditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground 0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5Vto Vcc +0.5V 


; Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- 

ings may cause permanent device failure. Functionality at or 

above these limits is not implied. Exposure to Absolute Maxi- 

mum Ratings for extended periods may affect device reliabil- , 
ity. Programming conditions may differ. oe 







5 V, Vcc = Max. 


out = 2.7 V, Vcc = Max. 
Vin = Vin or Vit (Note 2) 


Off-State Output Léakage Vout = 0.4 V, Vec = Max. 
Current LOW Vin = Vin or Vit (Note 2) 


Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 3) 


Vin = 0 V, Outputs Open (lout = 0 mA) pa 
Notes: 


Voc = Max. 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

























2. I/O pin leakage is the worst case of I, and lozt (or liq and lozn). 


3. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance Vin =2.0V 
Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 








SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges ue 2) 
Parameter 
Symbol Parameter Description 


Input or Feedback to 
eae sione Output 


Maximum 
Frequency 





3. Calculated from measured fmax internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65°C to +150°C 
Ambient Temperature 

with Power Applied —55°C to +125°C 
Supply Voltage with 

Respect to Ground —0.5 Vto +7.0 V 

DC Input Voltage -1.5V to+5.5V 


DC Output or I/O Pin Voltage 5.5 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


DC CHARACTERISTICS over MILITARY operating ranges 


(Note 2) 


Parameter 
— Parameter Description 


Output HIGH Voltage 


Off-State Output Lor sak 
Current HIGH 


loz Off-State Output Leakage 
Current LOW 








lec Supply Current 





Notes: 





OPERATING RANGES 
Military (M ) Devices (Note 1) 
Ambient Temperature (Ta) 


Operating in Free Air —55°C Min. 
Operating Case (Tc) 

Temperature 125°C Max. 
Supply Voltage (Vcc) 

with Respect to Ground +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Note: 













Vin= 55 V, Voo = Max ma 
Vout = 2.4 V, Vcc 
Vin = Vin or Vit (Note 4) 
Vout = 0.4 V, Vcc = Max. 
Vin = Vin or Vit (Note 4) 


Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) 


Vin = 0 V, Outputs Op 
Voc = Max. 





= Max. 





Wi el Kad 
ill Ee 


a! Mo 


2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vit and Viq are input conditions of output tests and are not themselves directly tested. Vi_ and Viy are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 


without suitable equipment. 


I/O pin leakage is the worst case of I, and lozz (or liq and JozH). 


5. Notmore than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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PAL16R8B-2 Series (Mil) 


CAPACITANCE (Note 1) 





1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 





Input or Feedback to 


Combinatorial Output 


tco Clock to Output or Feedback 


Clock Width 
tWH 


Maximum 


Frequency 
(Note 3) 


16L8, 16R6 
16R4 


tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ~—65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5V to Veco +0.5V 


; Operating ranges define those limits between which the func- 
DC Output or /O Pin Voltage -0.5V to Vcc +0.5V tionality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating fall ur 
specified 


Parameter 





















Test Conditio 


Max. (Note 2) 












Vout = 2.7 V, Voc = Max. 
Vin = Vin or Vit (Note 2) 
Vout = 0.4 V, Vcc = Max. 
Vin = Vin or Vit (Note 2) 






Off-State Output Leak 
Current LOW 


Miia 


Vin=0 v ont — ian = 0 mA) mA 


si Supply Current reRg76/4_| Voc = Max. 





Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. W/O pin leakage is the worst case of li, and lozt (or lin and lozn). 


3. Notmore than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vcc = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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RO 





CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance Vin=2.0V 
Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 





Input or Feedback to 
Combinatorial Output 


PRS “ a 
. LESS ia 
se 
eas ) 
ee 


sack 


16L8, 16R6 
16R4 





Notes: | 
2. See Switching Test Circuit for test eonditions. 
3. Calculated from measured fmax internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65°C to +150°C 
Ambient Temperature 

with Power Applied —55°C to +125°C 
Supply Voltage with 

Respect to Ground —0.5 Vto +7.0V 
DC Input Voltage -1.5V to+5.5V 
DC Output or I/O Pin Voltage 5.5 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 





OPERATING RANGES 
Military (M ) Devices (Note 1) 
Ambient Temperature (Ta) 


Operating in Free Air —55°C Min. 
Operating Case (Tc) 

Temperature 125°C Max. 
Supply Voltage (Vcc) 

with Respect to Ground +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Note: 


1. Military products are testedsat ’ #5°C, +125°C, 


DC CHARACTERISTICS over MILITARY operating pe 


(Note 2) 


he 


Vout = 2.4 Vv. Vcc = Max. 
Vin = Vin or Vit (Note 4) 


Off-State Output Leakage 
Current LOW 





Notes: 


Vout = 0.4 V, Vcc = Max. 





Vin = Vin or Vit (Note 4) 


Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) 


Vin= 0 V, Outputs Open (lout = 0 mA) Wivia 


Vcc = Max 


2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vit and Vip are input conditions of output tests and are not themselves directly tested. Vi_ and Vip are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 


without suitable equipment. 


I/O pin leakage is the worst case of I, and lozz (or liq and lozx). 


Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance Vin=2.0V 


Output Capacitance Vout = 2.0 V 





Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Input or Feedback to 
Combinatorial Output 


Maximum 
Frequency 


16L8, 16R6 
16R4 





2. See Switching Test Circuit for test Cénditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied -55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -15Vto+5.5V 


Operating ranges define those limits between which the func- 


DC Output or /O Pin Voltage 5.5 V tionality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating range 
specified 


Parameter 










Su 





Max.(Note2) || -250 | BA 


out = 2.4 V, Vcc = Max. 
Vin = Vin or Vit (Note 2) 


Off-State Output Léah Vout = 0.4 V, Vcc = Max. 
| Current LOW Vin = Vin or Vit (Note 2) 


Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 3) 


lec Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) Wii 
Notes: 


Vcc = Max. 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 














3 Off-State Outpu 
Current HIGH 






2. VO pin leakage is the worst case of hit and lozz (or liq and loz). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vout = 0.5 V as been chosen to avoid test problems caused by tester ground degradation. 





i) 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 


Parameter 
Symbol Parameter Description 


Ww 
OT 


Ww 
o1 





Input or Feedback to 16L8, 16R6 
Combinatorial Output 16R4 
— Setup” Time from Input or Feedback to Clock go. | 


a Clock With 


| twH | HIGH 
Maximum External Feedback} 1/(ts + tco) 


Frequency 
No Feedback 1/(twH + tw) 









16R8, 16R6 


N 
Oo 


| 
; ” 















MHz 






25 
35 
35 


= 
Sia {5 


2. These parameters are not 100% tes 


Ae design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M ) Devices (Note 1) 

Ambient Temperature | Ambient Temperature (Ta) 

with Power Applied —55°C to +125°C Operating in Free Air —55°C Min. 

Supply Voltage with Operating Case (Tc) 

Respect to Ground -0.5 V to +7.0 V Temperature 125°C Max. 

DC Input Voltage -1.5V to+5.5V Supply Voltage (Vcc) 

DC Output or I/O Pin Voltage 5.5V with Respect to Ground +4.50 V to +5.50 V 
Stresses above those listed under Absolute Maximum Rat- Operating ranges define those limits between which the func- 
ings may cause permanent device failure. Functionality at or tionality of the device is guaranteed. 

above these limits is not implied. Exposure to Absolute Maxi- 

mum Ratings for extended periods may affect device reliabil- Note: 

ity. Programming conditions may differ. Absolute Maximum : 

Ratings are for system design reference; parameters given 1. Military products are tested at Tc = +25°C, +125°C, 
are not tested. and —55°C, per MIL-STD-883. 





(Ne oe over MILITARY operating ranges unless otherwise specified 
ote 2 


Parameter 
Symbol Parameter Description Test Conditions 
VoH Output HIGH Voltage loo =—-1 MA Vin= Vin Or Vit 2.4 V 
Vcc = Min. 
Voi Output LOW Voltage lo. =4mA Vin = Vin Or Vit 0.5 V 
Voc = Min. ! 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH V 
Voltage for all Inputs (Note 3) | 
Vit Input LOW Voltage Guaranteed Input Logical LOW V 
Voltage for all Inputs (Note 3) 
input Clamp Voltage In=—18 MA, Voc = Min. [| ts, Vv 


| im | Input HIGH Current Vin = 2.4 V, Voc = Max. (Note 4) | | 25] pA 
input LOW Current Vin = 0.4 V, Vcc = Max. (Note 4) | | -250 | pA | 
















Maximum Input Current Vin = 5.5 V, Voc = Max. Ff AL mA 
lozH Off-State Output Leakage Vout = 2.4 V, Vcc = Max. 100 | pA 
Current HIGH Vin = Vinor Vit (Note 4) | 
loz. Off-State Output Leakage Vout = 0.4 V, Voc = Max. -100} wA 
Current LOW Vin = Vin or Vit (Note 4) | 


| Isc ‘| Output Short-Circuit Current | Vout = 0.5 V, Voc = Max. (Note 5) 


Icc Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) mA 
Voc = Max. 


Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vit and Vip are input conditions of output tests and are not themselves directly tested. Vi_ and Vin are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. \/O pin leakage is the worst case of I, and loz (or liq and lozH). 







5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. ‘ 
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 


Parameter 
Symbol Parameter Description 
Input or Feedback to 16L8, 16R6 
Combinatorial Output 16R4 
fo ts | Setup Time from Input or Feedback to Clock 


Clock to Output or Feedback 
Glock Width 


Maximum External Feedback | 1/(ts + tco) 


Frequency 

(Note 2) No Feedback 1/(twH + twr) 
OE to Output Enable (Note 3) 
OE to Output Disable (Note 3) 


tEA Input to Output Enable Using Product 
Term Control (Note 3) 


oe Input to Output Disable Using Product | 
Term Control (Note 3 


Notes: 


1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 






























16R8, 16R6 















16L8, 16R6 
16R4 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -—1.5 V to Vcc + 0.5 V 


: Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges 
specified 


Parameter 
— Parameter Description 






= Max. (Note 2) 
5.5 V, Vcc = Max. 
T Vout = 2.4 V, Vcc = Max. 
Vin = Vin or Vit (Note 2) 
Vout = 0.4 V, Vcc = Max. 
Vin = Vin or Vit (Note 2) 



















Off-State oun tle 
CurrentLOW _ 









Vin=0OV, Boner Open ee 0 a 
Voc = Max. 





Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. W/O pin leakage is the worst case of lit and lozz (or liq and lozx). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vout = 0.5 V as been chosen to avoid test problems caused by tester ground degradation. 





NO 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Descriptions Test Conditions 


Input Capacitance Vin =2.0V 
Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 
















SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 












Parameter 
Symbol 








Parameter Description 


Input or Feedback to 
eons Output 









Maximum 
Frequency 





i i u) ic 
fit Pd 
ch, 

Ly 










” 146L8, 16R6 
16R4 


where frequency may be affec 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M ) Devices (Note 1) 

Ambient Temperature Ambient Temperature (Ta) 

with Power Applied -55°C to +125°C Operating in Free Air —55°C to +125°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground 0.5 V to +7.0V with Respect to Ground +4.50 V to +5.50 V 
DC Input Voltage ~ -1.5V to+5.5V 


Operating ranges define those limits between which the func- 


DC Output or /O Pin Voltage 5.5 V tionality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or Note: 

above these limits is not implied. Exposure to Absolute Maxi- 1. Military products are tested at Tc = +25°C, +125°C, 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

















He seit over MILITARY operating ranges an 
Note 2 ' 








ae 
Hise ARE ines sie 


Vout = 2.4 V, Vcc = Max. 100 pA 
Current HIGH * Vin = Vin or Vir (Note 4) 
loz Off-State Output Leakage Vout = 0.4 V, Vcc = Max. —100 |} pA 
Current LOW Vin = Vin or Vit (Note 4) 


| Isc _|_ Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) 


loc Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) mA 
Voc = Max. 


Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vi_ and Vin are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

















I/O pin leakage is the worst case of Ii, and lozt (or tq and lozn). 


Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VouT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Cin Input Capacitance Vin = 2.0 V 
Cout Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 








SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note,2) 
3 _ 


| 








Parameter 
















Parameter Description 


Input or Feedback to ¥ 
Combinatorial Output (GF 


Setup Time from Input or Feedback to Clock a “S “50 | | ons | 
Hold Time . i 

Clock to Output or Feedback 
Clock Width = | LOW 






| tco 





Maximum 


Frequency + oT i 7 


16L8, 16R6 
16R4 


2. See Switching Test Circuit for ‘est conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 


Input or 
Feedback VT 
tpp 
Combinatorial 
Output of 
12015-010A 
Combinatorial Output 
ts + tcr 
Clock VT 
12149-025A 
Clock to Feedback (fmax Internal) 
See Path at Right 
Clock / 
Registered 
Output 1 Mi 
tSKEW 
Registered 
Output 2 ue 


12350-015A 


Registered Output Skew for Outputs 
Switching in the Same Direction 





Input 
Output 
12015-013A 
Input to Output Disable/Enable 
Notes: 
1.Vp=1.5V 


2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2-5 ns typical. 
(2—4 ns for -7 (-12 Mil) Series) 


Input or 
ts tH 
VT 
Clock tco 
Registered 
Output VT 
12015-012A 


Registered Output 





CLK 
3 
| 
| 
| 
| 
| 
| 
| 
| 
L 
12015-021A 
tWH 
Clock VT 
tWL 
12015-011A 
Clock Width 


OE 


Output 





12015-014A 
OE to Output Disable/Enable 
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PAL16R8 Family 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM 





SWITCHING TEST CIRCUIT 


Output 










tpp, tco, tcr Closed 


Specification te 
tpxz, ter H —»Z: Open: 5 pF 
L + Z: Closed 


tpzx, tea Z — H: Open 50 pF 
| ZL: Closed 200 2 


B-4: 
800 Q 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L. 


May 
Change 
from Lto H 


Don't Care; 
Any Change 
Permitted 


Does Not 
Apply 


5V 





[commerce [mina | 
PR: [| Re [| Ry | Re 





PAL16R8 Family 


1.56 Kal 8000 | 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 


Line is High- 


impedance 
“Off” State 





12350-019A 






Test Point 


Measured 
Output Value | 


LZ: Vo. +0.5V 


INPUT/OUTPUT EQUIVALENT SCHEMATICS 


Typical Input Typical Output 
Voc , 
~ “CC 
40 Q NOM 
> 9 Output 
Program/Verify 
Circuitry 
ye Program/Verify/ 
Test Circuitry 
10240-006A Preload 
Circuitry 
Y, (if available) 
— 10240-007A 
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OUTPUT REGISTER PRELOAD 
Applies to -7 (-12 Mil) Series Only preload a HIGH in the flip-flop. Leave combinatorial 
The preload function allows the register to be loaded Suipuls Hoatng: 


from the output pins. This feature aids functional testing 5. Lower pin 2 to Vitp. 

of sequential designs by allowing direct setting of output 

states. The procedure for preloading follows. 6. Remove Vitp/Vix from all registered output pins. 

1. Raise Vcc to Vecu. 7. Lower OE to Vip to enable the output registers. 

2. Set OE to Vinp to disable output registers. 8. Verify VoL/Vou at all registered output pins. Note that 
because of the output inverter, a register that has 

3. Raise pin 2 to Vin to enter preload mode. been preloaded HIGH will provide a LOW at the 

4. Apply either Vay or Vice to all registered outputs. Use Oulpul 


Vuu to preload a LOW in the flip-flop; use Vip to 


Parameter 
Symbol Parameter Description 


Super-level input voltage 
Low-level input voltage 
High-level input voltage 


VccH Power supply during preload 
Delay time 



































—\ —— Vinp 
OE VILP 
—— VHH 
Pin 2 

VILP 
Py — 

V 
Registered | { ) me 
Output Vou 
| |\==ES— Vice 

10294-003A 


Output Register Preload Waveform 
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OUTPUT REGISTER PRELOAD 
Applies to H-15 Series Only preload a LOW in the flip-flop. Leave combinatorial 


The preload function allows the register to be loaded outputs Healing: 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 


1. Raise Vcc to 4.5 V. 


. Pulse pin 8 to Vun, then back to 0 V. 
. Remove Vite/Vine from all registered output pins. 


. Lower OE to Vite to enable the output registers. 


N Oo OH 


. Verify VoL/Von at all registered output pins. Note that 

; because of the output inverter, a register that has 

3. Apply either Vine or Vice to all registered outputs. Use been preloaded HIGH will provide a LOW at the 
Vinp to preload a HIGH in the flip-flop; use Vip to output. 


Parameter 
Symbol Parameter Description 


100 


2. Set OE to Vinp to disable output registers. 










NM 
BN 





OE —\ VIHP 

| VILP 

| —— VHH 

Pin 8 

ViLP 

Registered \ VOH 

Outputs VoL 

. ——a a= ViLP 
10240-008A 


Output Register Preload Waveform 
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POWER-UP RESET 
Applies to -7 (-12 Mil), H-15, B, B-2, A, A-2 
Series Only 


The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will be HIGH due to the inverting output 
buffer. This feature is valuable in simplifying state ma- 
chine initialization. A timing diagram and parameter ta- 
ble are shown below. Due to the synchronous operation 






4V 
Power 


ter 


Registered 
Active-Low 
Output 


Clock 


a 
; Symbol | Parameter Description Max. Unit 
|_ter | _Power-upResetTime Ct 1000S | ts 
[ts | _Inputor Feedback SeupTime 


of the power-up reset and the wide range of ways Vcc 
can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 


1. The Vcc rise must be monotonic. 


2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed- 
back setup times are met. 


See Switching 
Characteristics 


Vec 


12350-024A 


Power-Up Reset Waveform 
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cl 


PAL16RA8 


20-pin Asynchronous TTL Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 


@ 30 ns maximum propagation delay and 20 MHz 
fax 


H individually programmable asynchronous 
clock, preset, reset, and enable 


™ Registered or combinatorial outputs 
= Programmable polarity 


= Programmable replacement for high-speed 
TTL logic 


GENERAL DESCRIPTION 


The PAL16RA8 offers asynchronous clocking for each 
of the eight flip-flops in the device. The eight macrocells 
feature programmable clock, preset, reset, and enable, 
and all can operate asynchronously to other macrocells 
inthe same device. The PAL16RA8 also has flip-flop by- 
pass, allowing any Combination of registered and com- 
binatorial outputs. 


The PAL16RA8 utilizes Advanced Micro Devices’ ad- 
vanced junction-isolated bipolar process and fuse-link 
technology. The devices provide user-programmablie 
logic for replacing conventional SSI/MSI gates and flip- 
flops at a reduced chip count. 


The PAL16RA8 allows the systems engineer to imple- 
ment the design on-chip, by opening fuse links to config- 
ure AND and OR gates within the device, according to 
the desired logic function. Complex interconnections 
between gates, which previously required time- 
consuming layout, are lifted from the PC board and 


BLOCK DIAGRAM 


Advanced 
Micro 
Devices 


m@ TTL-level register preload for testability 
™ Easy design with PALASM® software 


™ Programmable on standard PAL® device 
programmers 


@ 20-pin DIP and 20-pin PLCC packages save 
space 


placedonsilicon, where they can be easily modified dur- 
ing prototyping or production. 


The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 


Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Registers consist of D-type flip-flops that are 
loaded on the LOW-to-HIGH transition of the clock. Un- 
used input pins should be tied to Vcc or GND. 


The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro- 
grammed on conventional PAL device programmers. 


OF Inputs PL 
U V 
\ 7 \/ 
Programmable 
AND Array 
ae ae 
Enable — ca en oe iy ce nee CELL 


iy ty ig ig ig ii ig ig ” 


a i O a 


PAL and PALASM are registered trademarks of Advanced Micro Devices. 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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Publication # 10232 Rev. B 


10232-001A 


Amendment /O 





issue Date: January 1990 


CONNECTION DIAGRAMS 





DIP PLCC 

Vec 
1/07 
1/06 
/Os lo /O6 
04 Is Os 
03 Iq V/O4 
02 Is /O3 
V0; Ie V/O2 
/Oo 
OE 

Note: 

Pin 1 is marked for orientation. 

10232-002A 


10232-003A 


PIN DESIGNATIONS 


GND Ground 

| Input 

/O Input/Output 
OE Output Enable 
PL Preload 

Vec Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: Family Type 

Number of Array Inputs 

Output Type 

. Number of Outputs 

Operating Conditions 

Package Type 

. Optional Processing 


a-eaoop 


PAL 16 RA 8 C N 









a. FAMILY TYPE 
PAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


g. OPTIONAL PROCESSING 
Blank = Standard Processing 





c. OUTPUT TYPE f PACKAGE TYPE 
RA = Registered Asynchronous N = 20-Pin Plastic DIP 
(PD 020) 
d. NUMBER OF OUTPUTS NL = 20-Pin Plastic Leaded 
Chip Carrier (PL 020) 
e. OPERATING CONDITIONS _ come DIP 


C = Commercial (0°C to +75°C) 


Valid Combinations 


The Valid Combinations tabie lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 


Valid Combinations 


CN, 
PAL16RA8 CNL, 
CJ 






Note: Marked with MMI logo. 
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FUNCTIONAL DESCRIPTION 


The PAL16RA8 has eight dedicated input lines and 
eight programmable I/O macrocells. The Registered 
Asynchronous (RA) macrocell is shown in Figure 1. 
Pin 1 serves as global register preload and pin 11 
serves as global output enable. Programmable output 
polarity is available to provide user-programmable out- 
put polarity for each individual macrocell. 


The programmable functions in the PAL16RA8 are 
automatically configured from the users design 
specification, which can be in a number of formats. The 
design specification is processed by development 
software to verify the design and create a programming 
file. This file, once downloaded to a programmer, 
configures the device according to the user's desired 
function. 


Programmable Preset and Reset 


In each macrocell, two product lines are dedicated to 
asynchronous preset and asynchronous reset. If the 
preset product line is HIGH, the Q output of the register 
becomes logic 1. If the reset product line is HIGH, the Q 
output of the register becomes a logic 0. The operation 
of the programmabie preset and reset overrides the 
Clock. 


Combinatorial/Registered Outputs 


If both the preset and reset product lines are HIGH, the 
flip-flop is bypassed (Bypass Mode) and the output be- 
comes combinatorial. Otherwise, the output is from the 
register (Registered Mode). Each output can be config- 
ured to be combinatorial or registered. 


PL 


Programmable Clock 


The clock input to each flop-flop comes from the pro- 
grammable array, allowing any flip-flop to be clocked in- 
dependently if desired. 


Three-State Outputs 


The devices provide a product term dedicated to local 
output control. There is also a global output control pin. 
The output is enabled if both the global output control 
pin is LOW and the local output control product term is 
HIGH. if the global output control pin is HIGH, all outputs 
will be disabled. If the local output control product term is 
LOW, then that output will be disabled. 


Security Fuse 


Asecurity fuse is also provided to prevent unauthorized 
copying of PAL device patterns. Once the fuse is pro- 
grammed, the circuitry enabling verification is perma- 
nently disabled, and the array will read as if every array 
fuse is programmed. With verification not operating, it is 
impossible to simply copy the PAL device pattern ona 
PAL device programmer. 





10232-004A 


Figure 1. PAL16RA8 Macrocell 


PAL16RA8 
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Programmable Polarity 


The outputs can be programmed either active-LOW or 
active-HIGH. This is represented by the Exclusive-OR 
gate shown in the PAL16RA8 logic diagram. When the 
output polarity fuse is programmed, the lower input to 
the Exclusive-OR gate is HIGH, so the output is active- 
HIGH. Similarly when the output polarity fuse is intact, 
the output is active-LOW. The programmable output po- 
larity feature allows the user a higher degree of flexibility 
when writing equations. 


Programming 


The PAL16RA8 can be programmed on standard logic 
programmers. Programmers approved by Advanced 
Micro Devices are listed in the Programmer Reference 
Guide. 


Register Preload 


The register on the PAL16RA8 can be preloaded from 
the output pins to facilitate functional testing of complex 





Registered/ 
Active Low 





Registered/ 
Active High 


state machine designs. This feature allows direct load- 
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. Register preload is controlled by a TTL-level 
signal, making it a convenient board-level initialization 
function. 


Quality and Testability 


The PAL16RA8 offers a very high level of built-in quality. 
Extra programmable fuses provide a means of verifying 
performance of all AC and DC parameters. In addition, 
this verifies complete programmability and functionality 
of the device to provide the highest programming yields 
and post-programming functional yields in the industry. 


Technology 


The PAL16RA8 is fabricated with AMD’s junction-iso- 
lated process, utilizing TiW fuses. 


Combinatorial/ 
Active Low 


Combinatorial/ 
Active High 


10232-005A 


Figure 2. Macrocell Configurations 
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LOGIC DIAGRAM 


PAL16RA8 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature Ambient Temperature (Ta) 

with Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5V toVcc+0.5V 


: Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC _— over COMMERCIAL operating ranges unless otherwise 
specifie 


Parameter 
ae Parameter Description — Test Conditions 
Output HIGH Voltage loo = -3.2 MA Vin = Vin or Vit 2.4 
Veoc = Min. 
| Output LOW Voltage lo. =8mA Vin = Vin or Vit 0.5 
Vcc = Min. 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
| | Voltage for all Inputs (Note 1) 
Vit | Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 
| = Vi__|_ Input Clamp Voltage lin= —18 MA, Vcc = Min. | 1.5 | 


TT) Input HIGH Current Vin= 24 V, Veo = Max. (Note 2) tH 


Ft | Input LOW Current Vin = 0.4 V, Voc = Max. (Note 2) | «| -250 | pA | 
|__| Maximum Input Current Vin = 5.5 V, Voc = Max. pe 


lozH Off-State Output Leakage Vout = 2.4 V, Vcc = Max. 100 
Current HIGH Vin = Vin or Vit (Note 2) 
loz. Off-State Output Leakage Vout = 0.4 V, Vcc = Max. 100 | 
Current LOW Vin = Vinor Vit (Note 2) 
Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 3) 


loc Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) 170 | MA 
L | Vcc = Max. | 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
























2. I/O pin leakage is the worst case of li, and Jozi (or li and lozn). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 


Parameter 
Symbol | Parameter Description 


Le Input or Feedback to 


Combinatorial Output Active High 

















Setup Time from Input or Feedback to Clock 


| ts fee 

th | oe 
|“ | teste eh Leecsanccl 
Clock to Output or Feedback 10 


Asynchronous Preset to Registered Output 


| tapw Asynchronous Preset Width | 
Asynchronous Reset to Registered Output 40 | ons | 


ge) 














= FLOW T 
20 
fax Frequency 
: 
OE to Output Enable | 


Input to Output Disable Using Product Term Control 















[20 [ns 
[30 [ne 





NO 
on) 


Notes: 
1. See Switching Test Circuit for test conditions. 
2. Output delay minimums are measured under best-case conditions. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 


inguter input or : 
Feedback VT Readback a 
tpp : i 
Combinatorial 
Output _ = 7 
12015-010A = 
Combinatorial Output Registered 
Output i 
12015-012A 


Registered Output 


Input 
Asserting = 
Asynchronous 
Preset 


Registered 
Output | tWL 


10232-007A 12015-011A 
Asynchronous Preset Clock Width 





Input 
Asserting 
Asynchronous 
Reset 


Registered 
Output 





10232-009A 


Input or 


Feedback 


Output Output 





10232-008A 12015-014A 
Input to Output Disable/Enable OE to Output Disable/Enable 


Notes: 


1. Vr = 1.5 V 
2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 


Change Changing 
from L to H from L to H 


Don't Care; Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 
Apply Line is High- 


Impedance 
“Off” State 


KS000010-PAL 





SWITCHING TEST CIRCUIT 


5V 
12350-01 9A 


Ry 
Output Test Point 
; I ; 
Measured 
Output Vaiue 


Specification os isl a fe 


tpzx, tea Z — H: Open 50 pF | 15V 
| Z —L: Closed 560 QO 1.1 kQ | 
tpxz, ter H + Z: Open 5 pF | H->Z:Von-0.5V 
L —Z: Closed | L3Z:Vor+0.5V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 








Typical Input Typical Output 
Voc | o Voc 
40 2 NOM 
12350-020A >. aeuipUt 
Program/Verity he Program/Verify/ 
Circuitry Test Circuitry 
Pins 
Preload 
Circuitry 
i: 12468-018A 
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OUTPUT REGISTER PRELOAD 


The preload function allows the register to be loaded 4. Remove Vitp/Vinp from all registered output pins. 

from the output pins. This feature aids functional testing —_— ; 

of sequential designs by allowing direct setting of output 5. Lower OE to Vip to enable the output registers. 

States. The procedure for preloading follows. 6. Verify Voi/Vou at all registered output pins. Note that 

1. Set OE to Vip to disable output registers. because of the output inverter, a register that has 
been preloaded HIGH will provide a LOW at the 

2. Apply either Vinp or Vitp to all registered outputs. output. 


Leave combinatorial outputs floating. 


3. Pulse PL from Vip to Vitp to Vin. 


tsp Preload setup time 


Preload pulse width 
typ Preload hold time 





Registered 
Output 


twp tHP 


10232-010A 


Output Register Preload Waveform 
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PALCE16V8 


EE CMOS 20-Pin Universal Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 
H Pin, function and fuse-map compatible with all 
20-pin GAL® devices 


@ Electrically erasable CMOS technology 
provides reconfigurable logic and full 
testability 


= High speed CMOS technology 


— 10 ns propagation delay for “-10” version 
— 15 ns propagation delay for “-15” version 
— 25 ns propagation delay for “-25” version 


™ Direct plug-in replacement for the PAL16R8 
series and most of the PAL10H8 series 


# Outputs programmable as registered or 
combinatorial in any combination 


GENERAL DESCRIPTION 


The PALCE16V8 is an advanced PAL® device built with 
low-power, high-speed, elecirically-erasable CMOS 
technology. It is functionally compatible with all 20-pin 
GAL devices. The macrocells provide a universal device 
architecture. The PALCE16V8 will directly replace the 
PAL16R8 and PAL10H8 series devices, with the excep- 
tion of the PAL16C1. 

Device logic is automatically configured according to the 
user's design specification. Design is simplified by 
PALASM design software, allowing automatic creation 
of a programming file based on Boolean or state equa- 
tions. PALASM software also verifies the design and 
can provide test vectors for the finished device. Pro- 
gramming can be accomplished on standard PAL 
device programmers. 

The PALCE16V8 utilizes the familiar sum-of-products 


BLOCK DIAGRAM 


COM’L: H-10/15/25, Q-15/25 MIL: H-20/25 


cr 


Advanced 
Micro 
Devices 


@ Programmable output polarity 

=@ Programmable enable/disable control 

@ Preloadable output registers for testability 
= Automatic register reset on power up 


™ Cost-effective 20-pin plastic DIP and PLCC 
packages 


@ Programmable on standard device 
programmers 


™ Supported by PALASM® software 


= Fully tested for 100% programming and 
functional yields and high reliability 


(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa- 
tions are programmed into the device through floating- 
gate cells inthe AND logic array that can be erased elec- 
trically. 


The fixed OR array allows up to eight data product terms 
per output for logic functions. The sumof these products 
feeds the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial with an active- 
high or active-low output. The output configuration is de- 
termined by two global bits and one local bit controlling 
four multiplexers in each macrocell. 


fie Ea a Array 


Tee 












PAL and PALASM are registered trademarks of Advanced Micro Devices. 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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Issue Date: January 1990 


CONNECTION DIAGRAMS 
Top View 


DIP PLCC/LCC 
1g NaCLK lo Veg WO7 . 


19] | VO, taf [4 e 18] | /Oc 
187 | VO¢ t,[ 5 17f | VO; 
17] | VO; is} 16 161 ]/0,4 
16] | VO, lef 7 1i5[_ ] VO, 


15] | VO, (C18 147 | vO2 
12 





141] Wz 
'8 GND OE/g Oy W/O; 12015-003A 
> Pi i k i i 
121 | VO, Note: Pin 1 is marked for orientation 
PIN DESIGNATIONS 
11 |_| OEA, ee a ee 
GND = Ground 
12015-002A Sah 
VO = _ Input/Output 
OE <= Output Enable 
Vec = Supply Voltage 


ORDERING INFORMATION 
Commercial Products 7 
AMD programmable logic products for commercial applications are available with several ordering options. The order number 


(Valid Combination) is formed by a combination of: a. Family Type f. Power 
b. Technology g. Speed 
c. Number of Array Inputs h. Package Type 
d. Output Type i. Operating Conditions 


e. Number of Flip-Flops j. Programming Designator 
7 CE 146 V8H-15 PC 









+ ray TPE connec 
PAL= | Array Logic iA = Fire Bevisin 

b. TECHNOLOGY (May feaitiire different programmer 
CE = CMOS Electrically Erasable revisions) 

c. NUMBER OF 
ARRAY INPUTS OPERATING CONDITIONS 


d. OUTPUT TYPE C = Commercial (0°C to +75°C) 


V = Versatile 
e. NUMBER OF FLIP-FLOPS h. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 





{. POWER J = 20-Pin Plastic Leaded Chip 
H = Half Power (90 mA Icc) Carrier (PL 020) 
Q = Quarter Power (55 mA Icc) 

g. SPEED 





Valid Combinations 


-10 = 10nstpp 
-15 = 15 ns tpp The Valid Combinations table lists configurations 
-25 = 25 ns tpp planned to be supported in volume for this device. 





Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD’s standard military 


ea a Combinations 
HS 10 
ee _ 15 







JC 
PAL ol 16V TPALCE16V8H.25 | 35 PC, sales grade products. 
| PALCE16V8Q-15 _| 6V8Q-15 Note: Marked with AMD logo. 
PALCE16V8Q-25 
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ORDERING INFORMATION 
APL Products 


AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 


is formed by a combination of: a. Family Type f. Power 
b. Technology g. Speed 
c. Number of Array Inputs —_h. Programming Designator 
d. Output Type i. Device Class 
e. Number of Flip-Fiops j. Package Type 
k. Lead Finish 


PAL CE 16 V 8H -20 IBRA 


L_ k. LEAD FINISH 


A = Hot Solder Dip 







a. FAMILY TYPE 
PAL= Programmable Array Logic 


b. TECHNOLOGY 
CE = CMOS Electrically Erasable 





J. PACKAGE TYPE 
R = 20-Pin Ceramic DIP (CD 020) 
2 = 20-Pin Ceramic Leadless 


c. NUMBER OF ; 

ARRAY INPUTS Chip Carrier (CL 020) 
d. OUTPUT TYPE I. DEVICE CLASS 

V = Versatile /B = Class B 


e. NUMBER OF FLIP-FLOPS 
h. PROGRAMMING DESIGNATOR 








f. POWER Blank = Initial Release 
H = Half Power (90 mA Icc) E4 = First Revision 
(May require different programmer 
g. SPEED revisions) 


-20 = 20nstpp 
-25 = 25nstpp 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations and to ob- 
tain additional data on AMD’s standard military 
grade products. 







Valid Combinations 
PALCE16V8H-20 Blank, | /BRA, 
PALCE16V8H-25 E4 /B2A 


Group A Tests 
Group A tests consist of subgroups 1, 2, 3, 7, 8, 9, 10 and 11. 





Note: Marked with AMD logo. 


Military Burn-in 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMD’s option. 
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FUNCTIONAL DESCRIPTION 


The PALCE16V8 is a universal PAL device. It has eight 
independently configurable macrocells (MC o—MC7). 
Each macrocell can be configured as registered output, 
combinatorial output, combinatorial I/O or dedicated in- 
put. The programming matrix implements a program- 
mable AND logic array, which drives a fixed OR logic ar- 
ray. Buffers for device inputs have complementary out- 
puts to provide user-programmable input signal polarity. 
Pins 1 and 11 serve either as array inputs or as clock 
(CLK) and output enable (OE), respectively, for all flip- 
flops. 


Unused input pins should be tied directly to Vcc or GND. 
Product terms with all bits unprogrammed (discon- 
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 


The programmable functions on the PALCE16V8 are 
automatically configured from the user’s design specifi- 





cation, which can be in a number of formats. The design 
specification is processed by development software to 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user’s desired function. 


The user is given two design options with the 
PALCE16V8. First, itcan be programmed as a standard 
PAL device from the PAL16R8 and PAL10H8 series. 
The PAL programmer manufacturer will supply device 
codes for the standard PAL device architectures to be 
used with the PALCE16V8. The programmer will pro- 
gram the PALCE16V8 in the corresponding architec- 
ture. This allows the user to use existing standard PAL 
device JEDEC files without making any changes to 
them. Alternatively, the device can be programmed as 
a PALCE16V8. Here the user must use the PALCE16V8 
device code. This option allows full utilization of the 
macrocell. 


To 
Adjacent 


11 Macrocell 
10 
00 
01 


From 
es Adjacent 
*“SG1 SLO Pin 


*In macrocells MCo and MC7, SG1 is replaced by SGO on the feedback multiplexer. 
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PALCE16V8 


Configuration Options 


Each macrocell can be configured as one of the follow- 
ing: registered output, combinatorial output, combinato- 
rial 1/O, or dedicated input. In the registered output con- 
figuration, the output buffer is enabled by the OE pin. In 
the combinatorial configuration, the buffer is either con- 
trolled by a product term or always enabled. In the dedi- 
cated input configuration, it is always disabled. With the 
exception of MCo and MC7, a macrocell configured as a 
dedicated input derives the input signal from an adja- 
cent I/O. MCo derives its input from pin 11 (OE) and MC7 
from pin 1 (CLK). 


The macrocell configurations are controlled by the con- 
figuration control word. It contains 2 global bits (SGO 
and SG1) and 16 local bits (SLOo through SL0O7 and SL 10 
through SL17). SGO determines whether registers will 
be allowed. SG1 determines whether the PALCE16V8 
will emulate a PAL16R8 family or a PAL10H8 family de- 
vice. Within each macrocell, SLOx, in conjunction with 
SG1, selects the configuration of the macrocell, and 
SL1x sets the output as either active low or active high 
for the individual macrocell. 


The configuration bits work by acting as control inputs 
forthe multiplexers in the macrocell. There are four mul- 
tiplexers: a product term input, an enable select, an out- 
put select, and a feedback select multiplexer. SG1 and 
SLO, are the control signals for all four multiplexers. In 
MCo and MC7,SG0 replaces SG1 onthe feedback multi- 
plexer. This accommodates CLK being the adjacent pin 
for MC7 and OE the adjacent pin for MCo. 


Registered Output Configuration 


The control bit settings are SGO = 0, SG1 = 1 and SLO, = 
0. There is only one registered configuration. All eight 
product terms are available as inputs to the OR gate. 
Data polarity is determined by SL1x. The flip-flop is 
loaded on the LOW-to-HIGH transition of CLK. The 
feedback path is from Q on the register. The output 
buffer is enabled by OE. 


Combinatorial Configurations 


The PALCE16V8 has three combinatorial output con- 
figurations: dedicated output in a non-registered device, 
I/O in anon-registered device and I/O in a registered de- 
vice. 


Dedicated Output In a Non-Registered 
Device 


The control bit settings are SGO = 1,SG1 = 0 and SLO, = 
0. All eight product terms are available to the OR gate. 
Because the macrocell is a dedicated output, the feed- 
back is not used. Because CLK andOE are not usedina 
non-registered device, pins 1 and 11 are available as in- 
put signals. Pin 1 will use the feedback path of MC7 and 
pin 11 will use the feedback path of MCo. 


Combinatorial I/O In a Non-Registered 
Device 


The control bit settings are SGO = 1,SG1 = 1, andSL0, = 
1. Only seven product terms are available to the OR 
gate. The eighth product term is used to enable the out- 
put buffer. The signal at the I/O pin is fed back to the 
AND array via the feedback multiplexer. This allows the 
pin to be used as an input. 


Because CLK and OE are not used in a non-registered 
device, pins 1 and 11 are available as inputs. Pin 1 will 
use the feedback path of MC, and pin 11 will use the 
feedback path of MCo. 


Combinatorial I/O in a Registered Device 


The control bit settings are SGO = 0, SG1 = 1 and SLO, = 
1. Only seven product terms are available to the OR 
gate. The eighth product term is used as the output 
enable. The feedback signal is the corresponding I/O 
signal. 


Dedicated Input Configuration 


The control bit settings are SGO = 1, SG1=0and SL0; = 
1. The output buffer is disabled. Except for MCo and MC7 
the feedback signal is an adjacent I/O. For MCo and MC7 
the feedback signals are pins 1 and 11. These 
configurations are summarizedin Table 1 and illustrated 
in Figure 2. 


Table 1. Macrocell Configuration 


|SGO| SG1] SLOx| Cell Configuration| Devices Emulated 


Device Uses Registers 
PAL16R8, 16R6, 


16R4 
Combinatorial I/O |PAL16R6, 16R4 
















Registered Output 





Device Uses No | Device UsesNo Registers 


PAL10H8, 12H6, 
14H4, 16H2, 10L8, 
12L6, 14L4, 16L2 
PAL12H6, 14H4, 
16H2, 12L6, 1414, 
16L2 
PAL16L8 








Combinatorial 
Output 









Dedicated Input 






Combinatorial I/O 


progianiiable Output Polarity 


The polarity of each macrocell can be active-high or ac- 
tive-low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save “DeMorganizing” 
efforts. 


Selection is through a programmable bit SL1, which 
controls an exclusive-OR gate at the output of the AND/ 
OR logic. The output is active high if SL1x is 1 and active 
low if SL1x is 0. 
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Registered Active Low Registered Active High 


Combinatorial I/O Active Low Combinatorial I/O Active High 
Voc Vec 
Combinatorial Output Active Low Combinatorial Output Active High 


—<+—-<] Adjacent I/O pin 


Dedicated Input 


12015-005A 


Figure 2. Macrocell Configurations 
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Power-Up Reset 


Allflip-flops power up to a logic LOW for predictable sys- 
tem initialization. Outputs of the PALCE16V8 will de- 
pend onwhether they are selected as registered or com- 
binatorial. If registered is selected, the output will be 
HIGH. If combinatorial is selected, the output will be a 
function of the logic. 


Register Preload 


The register on the PALCE16V8 can be preloaded from 
the output pins to facilitate functional testing of complex 
State machine designs. This feature allows direct ioad- 
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
State. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 


Security Bit 


A security bit is provided on the PALCE16V8 as a deter- 
rent to unauthorized copying of the array configuration 
patterns. Once programmed, this bit defeats readback 


of the programmed pattern by a device programmer, se- 
curing proprietary designs from competitors. However, 
programming and verification are also defeated by the 
security bit. The bit can only be erased in conjunction 
with the array during an erase cycle. 


Electronic Signature Word 


An electronic signature word is provided in the 
PALCE16V8 device. It consists of 64 bits of programm- 
able memory that can contain user-defined data. The 
signature data is always available to the user independ- 
ent of the security bit. 


Programming and Erasing 


The PALCE16V8 can be programmed on standard logic 
programmers. Approved programmers are listed in the 
Programmer Reference Guide. 


The PALCE16V8 may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 
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Figure 6. PALCE16V8 Logic Diagram 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 
Ambient Temperature 
with Power Applied 55°C to +125°C Temperate la) Operalleg 
3 in Free Air 0°C to +75°C 
Supply Voltage with 
Respect to Ground —0.5Vto +7.0V Supply Voltage (Vcc) with 
DC Input Voltage -0.5V toVcc +05V Respect to Ground +4.75 V to +5.25 V 
DC Output or oe 
/O Pin Voltage ~0.5V to Vec + 0.5V Operating ranges define those limits between which the func- 
Static Discharge Voltage 2001 V tionality of the device is guaranteed. 
Latchup Current 
(Ta = 0°C to +75°C) 100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter | 
Symbol Parameter Description Test Conditions 
VoH Output HIGH Voltage loo = -3.2 MA. Vin = Vin OF Vit 2.4 V 
_ Vec = Min. | 
Voi Output LOW Voltage lo. = 24 MA Vin = Vin or Vit 0.5 V 
Vcc = Min. 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 V 
| | Voltage for all Inputs (Note 1) 
Vit Input LOW Voltage Guaranteed Input Logical LOW V 
Voltage for all Inputs (Note 1) 
| tins: Input HIGH Leakage Current | Vin = 5.25 V, Voc = Max. (Note 2) Ff} 10 | pA 
Input LOW Leakage Current Vin = 0 V, Vcc = Max. (Note 2) P| 10 | pA 


loZH Off-State Output Leakage Vout = 5.25 V, Vcc = Max. 
Current HIGH Vin = Vinor Vit (Note 2 pA 


’ | 
loz Off-State Output Leakage Vout = 0 V, Vcc = Max. 10 WA 
Current LOW Vin = Vinor Vit (Note 2) - 















Output Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 3) | | -30 | -130 ] mA | 
lcc | Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) mA 
Vcc = Max., f = 15 MHz 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 





2. W/O pin leakage is the worst case of Ii, and Jozi (or li and lozn). 


3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance Vin=2.0V_ | Vcc = 5.0 V, Ta = 25°C, 
Output Capacitance Vout = 2.0V | f=1MHz 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 












| 8 | opr 






SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
Symbol | Parameter Description | Min. | Max. | 


[tro | Input or Feedback to Combinatorial Ouipat———SCSC~—~—SSSSC*dSC Ys 
[1s | Setup Time trom input or Feedbackto Clock ——S~S~S~S—C YC 
a 
[ico [CocktoOuput—SSC—~—“CSsS—“—SsS—ssSsSsSTSC*dSC Ss 
Se a 0 a 
_ HIGH re ee ae 
tux | Frequency [intemal Feedback [titsvtes) «|i ne 

asa [No Feedback —_[iltwavtm) ‘| ees | | mre | 
ix [Cet Oupenae SSC ts 
[tr [OE t0 Output sable —SSCSC~—SCSC—SsSYSSC*dSCt os 
tex | input to Output Enable Using Product Term Gonal ————S*dtCSS*d?Ct | 


Input to Output Disable Using Product Term Control ff} to | ons | 


Notes: 
2. See Switching Test Circuit for test conditions. 



























3. Calculated from measured fmax internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature 

with Power Applied -55°C to +125°C ae la) Operating Peer 
Supply Voltage with ss 

Respect to Ground -0.5Vto +7.0V Supply Voltage (Vcc) with 

DC Input Voltage -0.5V to Vcc +0.5V Respect to Ground +4.75 V to +5.25 V 
DC Output or | _ 

I/O Pin Voltage ~0.5V to Vcc +0.5V Operating ranges define those limits between which the func- 
Static Discharge Voltage 2001 V tionality of the device is guaranteed. 

Latchup Current 

(Ta = 0°C to +75°C) 100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 


specified 
Parameter 
Symbol Parameter Description Test Conditions | 
Vou Output HIGH Voltage loo = -3.2 MA Vin = Vin or Vit 2.4 | 
Vec = Min. | 
VoL Output LOW Voltage | low = 24 MA Vin = Vin Or Vit 0.5 
| Voc = Min. 
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 
Vit Input LOW Voltage Guaranteed Input Logical LOW 
| Voltage for all Inputs (Note 1) | | 
| In| Input HIGH Leakage Current] Vin = 5.25 V, Vcc = Max. (Note 2) | {10 | 









oO 


Ble ls be 


Input LOW Leakage Current | Vin = 0 V, Vcc = Max. (Note 2) Ff 10 
lozH Off-State Output Leakage Vout = 5.25 V, Vcc = Max. | 

Current HIGH Vin = Vinor Vit (Note 2) 10 
loz Off-State Output Leakage Vout = 0 V, Vcc = Max. 10 | 

Current LOW Vin = Vin or Vit (Note 2) i 

Output Short-Circuit Current | Vout = 0.5 V, Vcc = Max. (Note 3) 


lec Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) IH} | 90 | mA 
Voc = Max.,f = 15 MHz al [55 


Notes: ' 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 





2. W/O pin leakage is the worst case of I, and lozz (or lH and Jozn). 


3. Not more than one output should be shorted at atime and duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions | _Typ. 


| Ci | __ Input Capacitance Vin=2.0V | Vec=5.0V, Ta = 25°C, 
Output Capacitance Vout = 2.0 V | f = 1 MHz | 8 | pF 










Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
Symbol | Parameter Description | Min. | 


ino | input or Feedback to Combinatorial Ouipal 
Setup Time from Input or Feedback to Clock 7 ae eS ae ee 
pty | HoldTime  —(“‘iLS OO ts 
2 Coo eS a CH TF AE 
ee ree 
























Maximum | 
fMax Frequency Internal Feedback | 1/(ts+tcr) | 50 | | 40 | | MHz | 
(Note 4) ) 





xe | BE te Oupu Disable SSS ts | 
Tica | inputo ouput Enable Using Promua Term Gomer || 18 || 25 | ns 
[ten [input to Outpt Disable Using Product Term Cont | | 15 | | 25 | ns 


Notes: 
2. See Switching Test Circuit for test conditions. 






3. Calculated from measured fmax internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M) Devices (Note 1) 
Ambient Temperature Operating Case oe 
with Power Applied -55°C to +125°C Temperature (Tc) “S5°C to +125°C 
Supply Voltage with Supply Voltage (Vcc) 
Respect to Ground —0.5 Vto +7.0 V with Respect to Ground +45 Vto+5.5V 
DC Input Voltage —0.5V to Vec+ 0.5V Operating ranges define those limits between which the func- 
DC Output or I/O Pin Voltage —0.5Vto Vec+0.5V tionality of the device is guaranteed. 
Static Discharge Voltage 2001 V 
Note: 

Latchup Current 

(Tc = -55°C to +125°C) 100 mA 1. Military products are tested at Tc = +25°C, +125°C 


; and —55°C, per MIL-STD-883. 
Stresses above those listed under Absolute Maximum Rat- 


ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 


(Note 2) 
Parameter 
Symbol Parameter Description | Test Conditions 







Vou Output HIGH Voltage loo =-2.0MA Vin= Vin or Vit | 2.4 V 
| | Vec = Min. 
Voi Output LOW Voltage lto=12mMA 3 Vin=VunorVir 0.5 V 
| Vcc = Min. | 
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 V 
— _| Voltage for all Inputs (Note 3) | 
Vit Input LOW Voltage Guaranteed Input Logical LOW V 
| | | Voltage for all Inputs (Note 3) 
| im «| Input HIGH Leakage Current | Vin = 5.5 V, Vcc = Max. (Note 4) Sk ears 
Input LOW Leakage Current | Vin=0V, Vcc = Max. (Note 4) dT 10 | pA 


lozH Off-State Output Leakage Vout = 5.5 V, Vcc = Max. 40 
Current HIGH Vin = Vin or Vit (Note 4) HA 
loz Off-State Output Leakage Vout = 0 V, Vcc = Max. 40 A 
| Current LOW Vin = Vin OF Vit (Note 4) pL 


Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) 


Icc Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) mA 
Vcc = Max., f = 15 MHz | | 


Notes: 
2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 


3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vit and Vin are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 





4. W/O pin leakage is the worst case of I, and lozt (or liq and lozu). 

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected. 
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CAPACITANCE (Note 1) 


Parameter , 
Parameter Description Test Conditions | Typ. . 


Symbol 
Cw input Capacitance Vec=5.0V, Ta=25°C, | 8 | pF 


Cout Output Capacitance Vout=2.0V | f=1MHz 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 















SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 


Parameter | 20 
Symbol | Parameter Description | Max. | 
Input or Feedback to Combinatorial Output | 

Setup Time from Input or Feedback to Clock 15 


| | Min. | 
Pees 
a | 
[Hold Time (Notes) tT ts 
aes pons 
et 






eee a 
ee ee ee 
a TS a A a 
 aaexaaain External Feedbac Hitsttco) | 333] | 

fvax | Frequency | IntemalFeedback|1/tsttcr) | 36.7 | | 303 | | MHz 
qioes) No Foodbeck [intial] 217 |__| sss |__| we | 


tezx__| OE to Output Enable (Note 5)_ amneee OOGaa 


tea Input to Output Enable Using Product | 20 | | 25 | 
| | Term Control (Note 5) | @ 
Input to Output Disable Using Product 20 | 25 | 
Term Control (Note 5) _ | | 
Notes: 


2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 


3. Calculated from measured fyax internal. 


ts 

tH 
tco 

tcr 












4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 








Feedback isl Fecdback 
tPD 
Combinatorial 
Output Na 
Clock 
12015-010A 
Combinatorial Output Registered 
Output Vr 
12015-012A 
Registered Output 
CLK 
ts + tcr 
Clock VT 
12149-025A 
Clock to Feedback (fmax Internal) 
See Path at Right 
Input 
tWH 
Clock 
me Output 
tWL 
12015-011A 12015-013A 
Clock Width Input to Output Disable/Enable 
OE 
tpxz tpzXx 
Output VT 
12015-014A 
OE to Output Disable/Enable 
Notes: 
1.6$Vr=15V 


2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 





2-90 PALCE16V8 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 


Change Changing 
from L to H from Lto H 


Don't Care; Changing, 
Any Change State 
Permitted Unknown 


Does Not Center . 
Apply Line is High- 

Impedance | 

“Off” State 


KS000010-PAL 





SWITCHING TEST CIRCUIT 


5V 


S} 


R; 


Output Test Point 


a ae 12350-019A 


ZL: Closed 2000 | 3902 |; 2000 | 390 
ae se 
L —+2Z: Closed sg: Vor +0.5V 
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ENDURANCE CHARACTERISTICS 


The PALCE16V8 is manufactured using AMD's ad- parts. As a result, the device can be erased and 
vanced Electrically Erasable process. This technology reprogrammed — a feature which allows 100% testing at 
uses an EE cell to replace the fuse link used in bipolar the factory. 


Endurance Characteristics 
Symbol| Parameter | Min. ~—| Units’ | Test Conditions 
10 Years | Max. Storage 
Temperature | 
20 Years Max. Operating 
| | Temperature (Military) 
Min. Reprogramming Cycles 100 Cycles Normal Programming 
| | Conditions 


INPUT/OUTPUT EQUIVALENT SCHEMATICS 






Min. Pattern Data Retention Time 





Vcc 


ESD = Program/Verify > 
Protection Circuitry 


Typical Input 


Voc 





Preload Feedback 
= Circuitry Input 


Typical Output 
12197-013A 
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OUTPUT REGISTER PRELOAD 
The Preload function allows the registers to be loaded put pins. Leave combinatorial output pins floating. 


from the output pins. This feature aids functional testing 5. Clock pin 1 from Vit to Vin. 

of sequential designs by allowing direct setting of output 6. Remove Vit/Vin from all registered outputs. 

states. The procedure is as follows. 7. Enable the output registers by lowering OE. 

1. Raise Vcc to5.0V+0.5V. 8. Lower pin 8 to ViL/Vin. 

2. Set pin 8 to Verb. 9. Verify for Vot/Vou at all registered output pins. Note 
3. Set OE HIGH. that the output pin signal will be the inverse of the 
4. Apply the desired value (ViL/Vin) to all registered out- preload input. 


| Parameter | | | | | 
Symbol Parameter Description 

Setup and Hold Time from Preload (pin 8) to OE | 50 | 50 | = | ps 

[tes | Setup Time from OE to Data a es 





S 
us 







Hold Time from Datato OE Tus 
Setup Time trom Data to Clock 
Hold Time from Clock to Data 





: 
| dvvdt_ | Veo FallingSlewRate(ping) 
, | 
| 











ro 
aA 
nr 
oO 
kh 
OAS 
lala 
< 





Pin 8 


VILP 


VIHP 


VILP 


VIHP 
VOH 
VoL 
VILP 


Registered 
Output 


Clock VIHP 


ViLP 


12015-015A 


Output Register Preload Waveform 
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POWER-UP RESET 


The PALCE16V8 has been designed with the capability 
to reset during system power-up. Following power-up, 
all flip-flops will be reset to LOW. The output state will be 
HIGH independent of the logic polarity. This feature pro- 
vides extra flexibility to the designer and is especially 
valuable in simplifying state machine initialization. A 
timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset 







4V 
Power 


tpR 


Registered 
Output 


Clock 


Parameter 
Symbol Parameter Descriptions 


| teh Power-Up Reset Time 
Pts Input or Feedback Setup Time 
Pot | Clock Width LOW 


and the wide range of ways Vcc Can rise to its steady 
state, two conditions are required to insure a valid 
power-up reset. These conditions are: 


1. The Vcc rise must be monotonic. 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed- 
back setup une are met. 






See Switching Characteristics 









Vcc 


12350-024A 


Power-Up Reset Waveform 
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Advance Information 


PALCE16V8Z-20 


Zero Power EE CMOS Universal Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 


@ Pin, function and fuse-map compatible with all 
20-pin GAL® devices 


H Electrically-erasable CMOS technology 
provides reconfigurable logic and full 
testability 


m@ Zero-Power CMOS technology 
— 100 pA Standby Current 
— 20 ns propagation delay 


™ Direct plug-in replacement for the PAL16R8 
series and most of the PAL10H8 series 


= Outputs programmable as registered or 
combinatorial in any combination 


GENERAL DESCRIPTION 


The PALCE16V8 is an advanced PAL® device built with 
zero-power, high-speed, electrically-erasable CMOS 
technology. It is functionally compatible with all 20-pin 
GAL devices. The macrocells provide a universal device 
architecture. The PALCE16V8 will directly replace the 
PAL16R8 and PAL10H8 series devices, with the excep- 
tion of the PAL16C1. 


The PALCE16V8Z provides zero standby power and 
high speed. At 100 pA maximum standby current, the 
PALCE16V8Z allows battery powered operation for an 
extended period. 


The PALCE16V8 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 


BLOCK DIAGRAM 





cr 


Advanced 
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Devices 


Programmable output polarity 


Programmable enable/disable control 


a 
rs 
= Preloadable output registers for testability 
@ Automatic register reset on power up 

a 


Cost-effective 20-pin plastic DIP and PLCC 
packages 


™ Programmable on standard device 
programmers 


™ Supported by PALASM® software 


@ Fully tested for 100% programming and 
functional yields and high reliability 


complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa- 
tions are programmed into the device through floating- 
gate cells inthe AND logic array that can be erased elec- 
trically. 


The fixed OR array allows up to eight data product terms 
per output for logic functions. The sumof these products 
feeds the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial with an active- 
high or active-low output. The output configuration is de- 
termined by two global bits and one local bit controlling 
four multiplexers in each macrocell. 
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20-pin Combinatorial TTL Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 
mw As fast as 15 ns maximum propagation delay 


= Universal combinatorial architecture 
= Programmable output polarity 
wi 


Programmable replacement for high-speed 
TTL logic 


GENERAL DESCRIPTION 


The AmMPAL18P8 utilizes Advanced Micro Devices’ ad- 
vanced oxide-isolated bipolar process and fuse-link 
technology. The devices provide user-programmable 
logic for replacing conventional SSI/MSI gates and flip- 
flops at a reduced chip count. 


The AMPAL18P8 allows the systems engineer to imple- 
ment the design on-chip, by opening fuse links to config- 
ure AND and OR gates within the device, according to 
the desired logic function. Complex interconnections 
between gates, which previously required time- 
consuming layout, are lifted from the PC board and 
placed onsilicon, where they can be easily modified dur- 
ing prototyping or production. 


The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
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Advanced 
Micro 
Devices 


= Easy design with PALASM® software 


m Programmable on standard PAL® device 


programmers 


20-pin DIP and 20-pin PLCC packages save 
space 


outputs. In addition, the PAL device provides the follow- 
ing options: 


— Variable input/output pin ratio 
— Programmable three-state outputs 


Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Unused input pins should be tied to Vcc or GND. 


The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro- 
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod- 
ules. See the Programmer Reference Guide for ap- 
proved programmers. Once the PAL device is pro- 
grammed and verified an additional fuse may be opened 
to prevent pattern readout. This feature secures proprie- 
tary circuits. 


AmPAL18P8 
inputs 


10 
v. 


Programmable AND Array 
(36 x 72) 
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PRODUCT SELECTOR GUIDE 


ree | ating | may | main 
ns (Max.) mA (Max. ) mA (Min. ) 


High-Speed 
CB Versione 


High-Speed 
CA’) Versions 


High-Speed, 
Half-Power 
(“AL”) Versions 









Half-Power 
(“L”) Versions 


CONNECTION DIAGRAMS 
Top View 


DIP 


VO 
VO 
VO 
VO 
VO 





Note: 
Pin 1 is marked for orientation. 





05799-002A 05799-003A 
PIN DESIGNATIONS 
GND Ground 
| Input 
/O Input/Output 
Vec Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: Family Type 

Number of Array Inputs 

Output Type 

Number of Outputs 

Speed 

Power 

Package Type 

Operating Conditions 

Optional Processing 


“sa “SAO oD 


AmPAL 18 P 8 A LPC 


a. FAMILY TYPE cell. 


AmPAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


c. OUTPUT TYPE 
P = Programmable Polarity 





i. OPTIONAL PROCESSING 
Blank = Standard Processing 


h. OPERATING CONDITIONS EE 


C = Commercial (0°C to +75°C) 





d. NUMBER OF OUTPUTS 








e. SPEED g. PACKAGE TYPE 
B = 15 ns tpp | P = 20-Pin Plastic DIP 
A =25 ns tpp (PD 020) 
Blank = 35 ns tpp J = 20-Pin Plastic Leaded 
Chip Carrier (PL 020) 
f. POWER D = 20-Pin Ceramic DIP 
L = Low Power (90 mA Icc) (CD 020) 


Blank = Full Power (180 mA Icc) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations and to 
check on newly released combinations. 


Valid Combinations 


AmPAL18P8 B, AL, A, L PC, JC, DC 






Note: Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 


All parts are produced with a fuse link at each input to the 
AND gate array, and connections may be selectively re- 
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo- 
rithm, these products can be rapidly programmed to any 
customized pattern. Information on approved program- 
mers can be found in the Programmer Reference Guide. 
Extra test words are pre-programmed during manufac- 
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 


Variable Input/Output Pin Ratio 


The AmPAL18P8 has ten dedicated input lines, and all 
eight combinatorial outputs are I/O pins. Buffers for de- 
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vcc or GND. 


Programmable Three-State Outputs 


Each output has a three-state output buffer with three- 
state control. A product term controls the buffer, allow- 
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional I/O pin, and may be con- 
figured as a dedicated input if the buffer is always dis- 
abled. 


Programmable Polarity 


The polarity of each output can be active-high or active- 
low, either to match output signal needs or to reduce 
product terms. Programmable polarity allows Boolean 
expressions to be written in their most compact form 
(true or inverted), and the output can still be of the de- 
sired polarity. It can also save “DeMorganizing” efforts. 


Selection is through a programmable fuse which con- 
trols an exclusive-OR gate at the output of the AND/OR 
logic. The output is active high if the fuse is 1 (pro- 
grammed) and active low if the fuse is 0 (intact). 


Security Fuse 


After programming and verification, an AMPAL18P8 de- 
sign can be secured by programming the security fuse. 
Once programmed, this fuse defeats readback of the in- 
ternal programmed pattern by a device programmer, se- 
curing proprietary designs from competitors. When the 
security fuse is programmed, the array will read as if 
every fuse is programmed. 


Quality and Testability 


The AmMPAL18P8 offers a very high level of built-in qual- 
ity. Extra programmable fuses provide a means of veri- 
fying performance of all AC and DC parameters. In addi- 
tion, this verifies complete programmability and func- 
tionality of the device to provide the highest program- 
ming yields and post-programming functional yields in 
the industry. 


Technology 


The AmPAL18P8 is fabricated with AMD’s advanced 
oxide-isolated bipolar process. This process reduces 
parasitic capacitances and minimum geometries to pro- 
vide higher performance. The array connections are 
formed with proven PtSi fuses for reliable operation. 
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LOGIC DIAGRAM 


PRODUCT TERMS (0-71) 





eeseeses 1% 


>: 
° 
2 
3 
: 
6 
: 


Snir: 


7 
Ww 
12 
3 
14 
6 
“ 


Lf S8eeyzas sly 


SBeS By Sees ose se 8 


ro 
-” 


tas 


yaseIrsae ty 


ee ee 


INPUTS (0-35) 


012s 4867 Sew 214 16 WITS DINAH MBB BBWS WHMS 



















Sa 
» 





| 
» 
oe . 
a << | 


012 3 4$ 67 aswt 12131415 161718 19 20282223 24252627 @BWMHW3t 3233335 


AmPAL18P8B/AL/A/L 


19 


18 


17 


16 


15 


14 


13 


12 


11 


LD000040 


2-101 





ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature Ambient Temperature (Ta) 

with Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground 0.5 Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —-0.5Vto+5.5V 


. Operating ranges define those limits between which the func- 
DC Input Current —30 mA to +5 mA tionality of the device is guaranteed. 


DC I/O Pin Voltage —0.5 V to Vcc Max. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 





DC CHARACTERISTICS over COMMERCIAL operating rang 
specified 


Parameter | 
Symbol Parameter Description 


fs 


"Vin = 5.5 V, Voc = Max. 


Vout = 2.7 V, Voc = Max. 
Vin = Vin or Vit (Note 2) | 


loz Off-State Output Leakage Vout = 0.4 V, Voc = Max. 
Current LOW Vin = Vin or Vit (Note 2) 


Output Short-Circuit Current | Vout = 0.5 V, Vcc = Max. (Note 3 
C 


lec Supply Current Vin= 0 V, Outputs Open 
| (lout = 0 mA) 
Vcc = Max. 


1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. 1/O pin leakage is the worst case of li, and lozz (or li and lozn). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance 


Output Capacitance 





Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Symbol 





Parameter Description 


Input or Feedback to 
Combinatorial Output 


Input to Output Enable 
Using Product Term Control 


Input to Output Disable 
Using Product Term Control 

















Note: 
2. See Switching Test Circuit for test co 
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SWITCHING WAVEFORMS 





Input or 
Feedback VT Input 
tpD 

Combinatorial 

Output VT Output 
12015-010A 12015-013A 
Combinatorial Output Input to Output Disable/Enable 
Notes: 
1.Vr=1.5V 


2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2—5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


Must be 
Steady 


May 
Change 
from Hto L 


May 
Change 
from L to H 


Don't Care; 
Any Change 
Permitted 


Does Not 
Apply 


KS000010-PAL 


SWITCHING TEST CIRCUIT 


5V 





OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


R; 
Output Test Point 
; : ; 


poe ee PY 
Z—L:Closed | 2002 | 









H —Z: Open 
L —Z: Closed 


| Measured 
Output Value | 
1.5V 
390Q | 


H5Z-Veu S05 V 
L—+>Z: Vo. +0.5 V 
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15V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 





Typical input Typical Output 
Voc > Voc 
40 2. NOM 
Be. 9 Output 
Program/Verify 

Circuitry 

eas Program/Verify/ 

Pins Test Circuitry 

12350-020B 
VV 
ane 12984-006A 
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PAL20R8 Family 


24-pin TTL Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 
™ As fast as 7.5 ns maximum propagation delay 


@ Popular 24-pin architectures: 20L8, 20R8, 
20R6, 20R4 


m Programmable replacement for high-speed 
TTL logic 


™ Power-up reset for initialization 


GENERAL DESCRIPTION 


The PAL20R8 Family (PAL20L8, PAL20R8, PAL20R6, 
PAL20R4) is AMD’s standard 24-pin PAL device family. 
The devices provide user-programmable logic for re- 
placing conventional SSI/MSI gates and flip-flops at a 
reduced chip count. 


The family allows the systems engineer to implement 
the design on-chip, by opening fuse links to configure 
AND and OR gates within the device, according to the 
desired logic function. Complex interconnections be- 
tween gates, which previously required time-consuming 
layout, are lifted from the PC board and placed on sili- 
con, where they can be easily modified during prototyp- 
ing or production. 


The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 


PRODUCT SELECTOR GUIDE 






DEVICE 
PAL20L8 


14 6 comb. 
2 comb. 
PAL2OR8 
|} PAL20R6 12 6 reg. 
| 2 comb. 
PAL20R4 12 4 reg. 
4 comb. 


















PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 





PRODUCT TERMS/ 


DEDICATED 
INPUTS | OUTPUTS | 






Advanced 
Micro 
Devices 


™ Easy design with PALASM® software 

™ Programmable on standard PAL® device 
programmers 

™ 24-pin SKINNYDIP® and 28-pin PLCC 
packages Save space 


In addition, the PAL device provides the following op- 
tions: 


— Variable input/output pin ratio 
— Programmable three-state outputs 
— Registers with feedback 


Product terms with all connections opened assume the 
logical HIGH state; product terms connected to both true 
and complement of any single input assume the logical 
LOW state. Registers consist of D-type flip-flops that are 
loaded on the LOW-to-HIGH transition of the clock. Un- 
used input pins should be tied to Vcc or GND. 


The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro- 
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod- 
ules. See the Programmer Reference Guide for ap- 
proved programmers. Once the PAL device is pro- 
grammed and verified an additional connection may be 
openedto prevent pattern readout. This feature secures 
proprietary circuits. 






FEEDBACK ENABLE 


OUTPUT JK 
7 V/O prog. | 
7 _ prog. 
preg | pin 
reg. pin 
VO prog. 
reg. pin 
VO prog. 









Publication # 10294 Rev. B Amendment /0 
issue Date: January 1990 


2-107 





PERFORMANCE OPTIONS 


(Commercial) 


Speed 
(tpp, ns) 





Power (Icc, mA) 


Note: 


For low power and high speed, the EE 
CMOS PALCE20V8 can directly replace 
the PAL20R8 Family. 


OPERATING RANGES 


el anes (|e 













-7 -12 
-1 -15 

[B2(25ns) | 
A-2 (35 ns) 
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BLOCK DIAGRAMS 


PAL20L8 
INPUTS 







PROGRAMMABLE 
AND ARRAY 
(40 X 64) 
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BLOCK DIAGRAMS 


PAL20R6 
INPUTS OE 


CLK 
U g 


1 


PROGRAMMABLE 
AND ARRAY 
(40 X 64) 
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CONNECTION DIAGRAMS 





Top View 
SKINNYDIP/FLATPACK 

(NOTE 1)[ ] te 241 |Voc 
I, Lj 2 23] J lhe 

Inf 473 221 | (NOTE 10) 

I, 21 {| | (NOTE 9) 

- (NOTE 8) 

I, 19 [__] (NOTE 7) 

i 18 (NOTE 6) 

| (NOTE 5) 

es 16 | _] (NOTE 4) 

lo 15 |__| (NOTE 3) 
lyoL_| 11 14, J Nay 

ano [| 12 (NOTE 2) 


12350-005A 


[wows [ 2008 | zone [zone | 20na 
Pa [ef ax [ox [ox 


te See 





PIN DESIGNATIONS 


CLK Clock 

GND Ground 

| Input 

/O Input/Output 
NC No Connect 
om Output 

OE Output Enable 
Vec Supply Voltage 





PAL20R8 Family 


PLCC/LCC 
JEDEC: Applies to -7(-12 mil), -10(-15 mil), 
B-2 Series Only 





= Se 

w - 

ao +r2g 8 22 

“3 2 4 26 

. e 
ts_]5 251] (NOTE 9) 
ia4L_}6 24] | (NOTE 8) 
is]? 23[_] (NOTE 7) 
ncL_ [8 22] |NC 

is_]9 21{__] (NOTE 6) 
ly [7 }10 (NOTE 5) 
laf} 11 19{_] (NOTE 4) 






oa 
oe 
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PLCC 


Applies to B, A, A-2 Series Only 
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nc[ 15 251 _} (NOTE 9) 
lat._J6 24] _| (NOTE 8) 
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nc[ 18 22] __] (NOTE 6) 
lef jo 211] (NOTE 5) 
lyf __}10 201] (NOTE 4) 
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Applies to B, A, A-2 Series Only 


(NOTE 10) 


| (NOTE 7) 
(NOTE 6) 
(NOTE 5) 

(NOTE 4) 





lg 
1 
GND 


Note: 
Pin 1 is marked for orientation. 
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ORDERING INFORMATION 
Commercial Products (AMD Marking Only) 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

. Number of Array Inputs 

Output Type 

. Number of Outputs 

Speed 

Package Type 

. Operating Conditions 

. Optional Processing 


rareaos 


PAL 20 R 8-7P C 


FAMILY TYPE __4t 


PAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


c. OUTPUT TYPE 
R = Registered 
L = Active-Low Combinatorial 


d. NUMBER OF OUTPUTS 













h. OPTIONAL PROCESSING 
Blank = Standard Processing 


g. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 





e. SPEED 
-7 = 7.5nstpp 
-10 = 10nstpp 


f. PACKAGE TYPE 
P = 24-Pin 300-Mil Plastic SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 

D = 24-Pin 300-Mil Ceramic SKINNYDIP (CD3024) 


Valid Combinations 


ceric Combinations The Valid Combinations table lists configurations 


fae planned to be supported in volume for this device. 

Consult the local AMD sales office to confirm 

| PAL2OR8 | availability of specific valid combinations, and to 
PC, JC, DC check on newly released combinations. 


| PAL20R6 


cs Note: Marked with AMD logo. 
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ORDERING INFORMATION 
Commercial Products (MMI Marking Only) 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

Number of Array Inputs 

Output Type 

. Number of Outputs 

Speed 

Power 

. Operating Conditions 

Package Type 

Optional Processing 


“rea -oaos 


PAL 20 R 8B -2 C NS 





L_ i. OPTIONAL PROCESSING 


Blank = Standard Processing 


h. PACKAGE TYPE 
NS = 24-Pin 300-Mil Plastic 
SKINNYDIP (PD3024) 
FN = 28-Pin Plastic Leaded 


a. FAMILY TYPE 
PAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


c. OUTPUT TYPE 














R = Registered Chip Carrier (PL 028), 
L = Active-Low Combinatorial JEDEC pinout 
NL = 28-Pin Plastic Leaded 
d. NUMBER OF OUTPUTS Chip Carrier (PL 028), 
e. SPEED non-JEDEC pinout 
B = Very High Speed (15-25 ns tpp) is Scie coe 
A = High speed (25-35 ns tpp) 
OPERATING CONDITIONS 
f. POWER C = Commercial (0°C to +75°C) 
Blank = Full Power (210 mA Icc) 
-2 = Half Power (105 mA Icc) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 


Valid Combinations 
PAL20L8, CNS, CFN, CJS 


PAL20R8, 
PAL20R6, 
PAL20R4 















B, A, 
A-2 


CNS, CNL, CJS 












Note: Marked with MMI logo. 
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ORDERING INFORMATION 
APL Products (AMD Marking Only) 


AMD programmable logic products for Aerospace and Defense applications are available with several ordering op- 
tions. APL (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number 


(Valid Combination) is formed by a combination of: a. Family Type 


b. Number of Array Inputs 


Output Type 
Speed 


sa *o20 


. Lead Finish 


PAL 20 R 8-12 /B LA 


FAMILY TYPE __4| 










a. 
PAL = Programmable Array Logic 
b. NUMBER OF 
ARRAY INPUTS 
c. OUTPUT TYPE 
R = Registered 
L = Active-Low Combinatorial 
d. NUMBER OF OUTPUTS 
e. SPEED 


-12 = 12nstpp 
-15 = 15nstpp 


f. DEVICE CLASS 
/B= Class B 


Valid Combinations 
PAL20L8 
PAL20R8 
PAL20R6 
PAL20R4 


-12, 
-15 


/BLA, /B3A 





Group A Tests 
Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 


Military Burn-In 


Device Class 
. Package Type 


. Number of Outputs 


h. LEAD FINISH 
A = Hot Solder Dip 
g. PACKAGE TYPE 
|. = 24-Pin 300-Mil Ceramic 
SKINNYDIP (CD3024) 


3 = 28-Pin Ceramic 
Leadless Chip Carrier (CL 028) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. . 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD’s standard military 
grade products. 


Note: Marked with AMD logo. 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A 


through E. Test conditions are selected at AMD’s option. 
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ORDERING INFORMATION 
APL Products (MMI Marking Only) 


AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) praducts are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: . Family Type 

Number of Array Inputs 

Output Type 

Number of Outputs 

Speed 

Power 

Operating Conditions 

Package Type 

Optional Processing 


r-sersaoge 


PAL 20 R 8A -2 M JS/883B 









a. FAMILY TYPE 
PAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


c. OUTPUT TYPE 


i, OPTIONAL PROCESSING 
/883B = MIL-STD-883, Class B 


h. PACKAGE TYPE (Per 09-000) 











R-«= Registered JS = 24-Pin 300-Mil Ceramic 
L = Active-Low Combinatorial “i ee Se a : 
= 24-Pin 
d. NUMBER OF OUTPUTS (CFLO24) 
L = 28-Pin Ceramic Leadless 
e. SPEED — Chip Carrier (CL 028) 
B = Very High Speed (20 ns tpp) 
A = High speed (30-50 ns tpp) g. OPERATING CONDITIONS 
M = Military 
f. POWER 
Blank = Full Power (210 mA Icc) 
-2 = Half Power (105 mA Icc) 


—< Valid Combinations 
| Valid Combinations The Valid Combinations table lists configurations 


planned to be supported in volume for this device. 

NMSIBeSD Consult the local AMD sales office to confirm 

B, A, MW/883B, availability of specific valid combinations, and to 
check on newly released combinations. 

a2 | MussB 





PAL20R4 Note: Marked with MMI logo. 


Group A Tests 
Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 


Military Burn-in 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A through 
E. Test conditions are selected at AMD’s option. 
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FUNCTIONAL DESCRIPTION 
Standard 24-pin PAL Family 


The standard 24-pin PAL family is comprised of four dif- 
ferent devices, including both registered and combina- 
torial devices. All parts are produced with a fuse link at 
each input to the AND gate array, and connections may 
be selectively removed by applying appropriate volt- 
ages to the circuit. Utilizing an easily-implemented pro- 
gramming algorithm, these products can be rapidly pro- 
grammed to any customized pattern. Information on ap- 
proved programmers can be found in the Programmer 
Reference Guide. Extra test words are pre-programmed 
during manufacturing to ensure extremely high field pro- 
gramming yields, and provide extra test paths to 
achieve excellent parametric correlation. 


Variable Input/Output Pin Ratio 


The registered devices have twelve dedicated input 
lines, and each combinatorial output is an I/O pin. The 
PAL20L8 has fourteen dedicated input lines, and only 
six of the eight combinatorial outputs are I/O pins. Buff- 
ers for device inputs have complementary outputs to 
provide user-programmable input signal polarity. Un- 
used input pins should be tied to Vcc or GND. 


Programmable Three-State Outputs 


Each output has a three-state output buffer with three- 
state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a 
function of any product of device inputs or output feed- 
back. The combinatorial output provides a bidirectional 
I/O pin, and may be configured as a dedicated input if 
the buffer is always disabled. On registered outputs, an 
input pin controls the enabling of the three-state outputs. 


Registers with Feedback 


Registered outputs are provided for data storage and 
synchronization. Registers are composed of D-type flip- 
flops that are loaded on the LOW-to-HIGH transition of 
the clock input. 


Power-Up Reset 


All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PAL20R8 Family 
will be HIGH due to the active-low outputs. The Vcc rise 


must be monotonic and the reset delay time is 1000 ns 
maximum. 


Register Preload 
Applies to -7 (-12 Mil), -10 (-15 Mil), Series Only 


The register on the listed Series can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load- 
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal! states and observing proper 
recovery. 


Security Fuse 


After programming and verification, a PAL20R8 Family 
design can be secured by programming the security 
fuse. Once programmed, this fuse defeats readback of 
the internal programmed pattern by a device program- 
mer, securing proprietary designs from competitors. 
When the security fuse is programmed, the array will 
read as if every fuse is unprogrammed. An exception is 
the -7 (-12 Mil) Series, where the array will read as if 
every fuse is programmed. 


Pinouts 


All members of the PAL2OR8 Family have the same 
SKINNYDIP pinouts independent of technology, per- 
formance, and operating conditions. Because the 
24-pin SKINNYDIP requires four no-connects when 
mapped into the 28-pin PLCC/LCC packages, the 
PLCC/LCC pinouts can vary. 


Two different PLCC pinouts are offered. Newer devices 
and ail future devices will follow the JEDEC electronics 
committee’s standard pinout (“JEDEC pinout”) with no- 
connects on pins 1, 8, 15, and 22. The devices following 
this pinout are the -7, -10, and B-2 Series. Older devices 
retain their original pinouts, with no-connects on pins 5, . 
8, 11, and 19. These include the B, A, and A-2 Series. 


PAL20R8 Family devices with the MMI marking indicate 
the PLCC pinout by the package designator: FN indi- 
cates JEDEC, and NL indicates non-JEDEC. Devices 
with the AMD marking all follow the JEDEC pinout. 
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PAL20R8 Family 


Two different LCC pinouts are offered for military prod- 
ucts. Newer devices and all future devices will follow the 
JEDEC pinout with no-connects on pins 1, 8, 15, and 22. 
These include the -12 and -15 Series. Older devices re- 
tain their original pinouts, with no-connects on pins 4, 
11, 18, and 25. These include the B, A, and A-2 Series. 





Com’! Mil 
PLCC LCC 
No-connects No-connects 


-7, -10, 1,8, 15, 22 N/A 
| B-2 | § (JEDEC) 


-12, -15 N/A 


B,A,A-2 | 5, 8, 11, 19 


Series 













1,8, 15, 22 
(JEDEC) 


4,11, 18, 25 





PAL20R8 Family 


Quality and Testability 


The PAL20R8 Family offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro- 
gramming yields and post-programming functional 
yields in the industry. 


Technology 


The high-speed -7 (-12 Mil) and -10 (-15 Mil) Series are 
fabricated with AMD’s advanced oxide-isolated bipolar 
process. This process reduces parasitic capacitances 
and minimum geometries to provide higher perform- 
ance. The array connections are formed with proven 
PtSi fuses for the -7 and TiW fuses for the -10. The B, 
B-2, A, and A-2 Series are fabricated with AMD’s junc- 
tion-isolated process, utilizing TiW fuses. 
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LOGIC DIAGRAM 


DIP (JEDEC PLCC and LCC) Pinouts 


See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts 
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LOGIC DIAGRAM 


DIP (JEDEC PLCC and LCC) Pinouts 


See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts 


20R8 


19 20 23 24 2728 3132 353% 39 


Voc 


(28) 


CLK| 1+ 


1112 1516 


7 8 


4 


3 


0 


(2) 


o—{15} O; 
(18) 
114 





(17) 


Wb iit iW! ae LW! LW! We me x LX i 
[a] & [fo] = [+] [a] S Bis IN] e [eo] © [oo] = Beis 
- _N a0) st 0 © _ _© oO ° 


(13) 


OE 
(16) 


Cb 


0 34 78 1112 1516 1920 2324 2728 3132 3536 39 


(14) 


GND 


12350-008A 


2-119 


PAL20R8 Family 


LOGIC DIAGRAM 


DIP (JEDEC PLCC and LCC) Pinouts 


See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts 
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LOGIC DIAGRAM 


DIP (JEDEC PLCC and LCC) Pinouts 


See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts 
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PAL20R8 Family 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied ~55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —1.2 Vto Veco +0.5V 


: Operating ranges define those limits between which the func- 
DC Output or 1/O Pin Voltage -0.5V to Voc +0.5V tionality of the device is guaranteed. 


Static Discharge Voltage 2001 V 

Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 


mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC ee ae over COMMERCIAL operating ranges unless otherwise 
specifie 


Parameter 
Symbol Parameter Description Test Conditions | 
Vou Output HIGH Voltage loo = -3.2 MA Vin = Vin or Vit 2.4 V 
Vec = Min. 
Voi Output LOW Voltage lo =24mMA Vin=Vunor Vi 
Vec = Min. 
Input HIGH Voltage Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 1) 
Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 
| Vi __| Input Clamp Voltage l= —18 mA, Voc = Min. 


in | Input HIGH Current Vin = 2.7 V, Voo = Max. (Note 2) mo ae se 


| Iu Input LOW Current Vin = 0.4 V, Voc = Max. (Note 2) | | -250 | pA | 
| == «|, Maximum Input Current Vin = 5.5 V, Voc = Max. a 


lozH Off-State Output Leakage Vout = 2.7 V, Vec = Max. 100 
Current HIGH Vin = Vin or Vir (Note 2) 
loz Off-State Output Leakage Vout = 0.4 V, Vcc = Max. —100 | pA 
Current LOW Vin = Vin or Vit (Note 2) 
Output Short-Circuit Current | Vout = 0.5 V, Vcc = Max. (Note 3) | -30 | -130 | mA | 


loc | Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) 210 | mA 
Voc = Max. 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. W/O pin leakage is the worst case of I, and lozz (or liq and lozx). 



























3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 

Symbol Parameter Description Test Conditions 
Input Capacitance Vin = 2.0 V 
Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 








SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 















Symbol Parameter Description (Note 3) 


input or Feedback to [TY 0c, 20R6 | 38 CT 75 
Combinatorial Output 1 Output Switching 20R4 i a eae 






[—tsxzw | Skew Between Registered Outputs (Note 5) __ 


Clock Width LOW 
| tw | HIGH 


External Feedback| 1/(ts + tco) 
Maximum 
Frequency Internal Feedback | 1/(ts + tce) 
(Note 6) No Feedback 1/(twH + tw.) 
OE to Output Enable 


OE to Output Disable 


| ten | Input to Output Enable Using Product Term Control 20L8, 20R6 
| tea | Input to Output Disable Using Product Term Control 20R4 









Notes: 
2. See Switching Test Circuit for test conditions. 
. Output delay minimums are measured under best-case conditions. 


. Skew is measured with all outputs switching in the same direction. 


. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 


3 
4. Calculated from measured fmax internal. 
5 
6 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65°C to +150°C 
Ambient Temperature 

with Power Applied —55°C to +125°C 
Supply Voltage with 

Respect to Ground -0.5 Vto +7.0V 


DC Input Voltage 
DC Output or I/O Pin Voltage 
Static Discharge Voltage 


—1.2 V to Vcc + 0.5 V 
-—0.5 V to Veco +0.5V 
2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 


ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


DC CHARACTERISTICS over MILITARY operating 


(Note 2) 


Parameter 
Symbol 


Parameter Description il 


Output HIGH Voltage | 


R 


Output LOW Vé 








s 
= 


lamp Voltage 


Maximum Input Current 


Off-State Output Leakage 
Current HIGH 


lozt Off-State Output Leakage 
Current LOW 


12MA Vin = Vin Or Vi 


Vin a Guaranteed Input Logical HIGH | 
: Voltage for all Inputs (Note 3) 
Vi Guaranteed Input Logical LOW 
Voltage for all inputs (Note 3) 


i= ~18 mA, Voc = Min, a 
Input HIGH Current Vin = 2.4 V, Voc = Max. (Note 4) 
lie Input LOW Current Vin = 0.4 V, Voc = Max. (Note 4) 


Vin = 5.5 V, Voc = Max. | 
Vout = 2.4 V, Vcc = Max. 


Vin = Vin or Vit (Note 4) 


Vout = 0.4 V, Vcc = Max. 
Vin = Vin or Vit (Note 4) 


Output Short-Circuit Current | Vout = 0.5 V, Vcc = Max. (Note 5) 


OPERATING RANGES 
Military (M) Devices (Note 1) 


Operating Case (Tc) 

Temperature —55°C to +125°C 
Supply Voltage (Vcc) 

with Respect to Ground +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Note: 


1. Military products are tested at Tc = +25°C , +125°C, 
and —55°C per MIL-STD-883._.# 








herwise specified 





Vec = Min. 


lec Supply Current | Vin= 0 V, Outputs Open (lout = 0 mA) mA 
Voc = Max. | 


Notes: 


2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vit and Vix are input conditions of output tests and are not themselves directly tested. Vi_ and Vix are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 


without suitable equipment. 


I/O pin leakage is the worst case of I, and loz, (or liq and lozn). 


5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 
Input Capacitance Vin=2.0V 


Output Capacitance Vout = 2.0 V 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 





Input or Feedback to 


Combinatorial Output 1 Output Switching 
Setup Time from Input or Feedback to Clock Ul 


20R8, 20R6 
20R4 


Input to Output Enable Using Product 
Term Control (Note 7) 20L8, 20R6 


Input to Output Disable Using Product 20R4 
Term Control (Note 7) 





Notes: 


2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Minimum value for tpp, tco, tezx, tpxz, tea, and ten parameters should be used for simulation purposes 
only and are not tested. 


4. Calculated from measured fmax internal. 


Md 


Skew is measured with all outputs switching in the same direction. 


6. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


7. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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MEASURED SWITCHING CHARACTERISTICS 
Vcc = 5.25 V, Ta = 75°C (Note 1) 


75 


tpp, ns 
6.5 


1 2 3 4 5 6 7 8 
# OF OUTPUTS SWITCHING 


tpp vs. Number of Outputs Switching 
10294-005A 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where tpp may be affected. 
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CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS 
Vee = 5.0 V, Ta = 25°C 


lot, MA 


Vor, V 














Output, LOW 
10240-003A 
on 2 
Vou, V 
Output, HIGH 
10240-004A 
hi, pA 
10240-005A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) 
Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 
Respect to Ground 0.5 Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —0.5 Vto Vcc + 0.5 V = ; 
, Operating ranges define those limits between which the func- 
DC Output or I/O Pin Voltage -0.5 V to Vcc Max. tionality of the device is guaranteed. 
DC Input Current -—30 mA to +5 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC ae over COMMERCIAL operating ranges unless otherwise 
specifie 


Parameter | 
Symbol Parameter Description Test Conditions 
Output HIGH Voltage lod = -3.2 MA Vin = Vin OF Vit 
Vcc = Min. 
Output LOW Voltage lo. = 24mMA Vin=Vinor ViL 0.5 
Vcc = Min. 
Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
| Voltage for all Inputs (Note 1) __ 
Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 











Input Clamp Voltage lin = -18 MA, Voc = Min. } | 15 [Vv 





Input HIGH Current Vin = 2.7 V, Vcc = Max. (Note 2) to 25 | LA 


Input LOW Current Vin = 0.4 V, Voc = Max. (Note 2) Ed —250 
Maximum Input Current Vin = 5.5 V, Voc = Max. a 100 





Vou 
VoL 
VIH 
Vit 
Vi 
iH 
lie 
lozH Off-State Output Leakage Vout = 2.7 V, Vec = Max. 100 | pA 
Current HIGH Vin = Vin or Vit (Note 2) 
loz Off-State Output Leakage Vout = 0.4 V, Vcc = Max. —100 | WA 
Current LOW Vin = Vin or Vit (Note 2) 
Output Short-Circut Current | Vour = 0.5 V, Voo = Max. (Note 3) 


lec Supply Current _ | Vin= 0 V, Outputs Open (lout = 0 mA) 210 | mA 
Vcc = Max. 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. W/O pin leakage is the worst case of li_ and lozt (or liq and lozx). 





3. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 





2-128 PAL20R8-10 Series (Com’!) 


CAPACITANCE (Note 1) 





Input Capacitance Vin = 2.0 V 
| Vour = 2.0 V | 


Output Capacitance Vout = 2.0 V 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where Capacitance may be affected. 








SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


a 
Combinatorial Output 20R4 

[ts____| Setup Time from Input or Feedback to Clock __ 
Pt Hodtime 

[too | Clockto Output SSCSC~SCS 
fp tor 
pt 
tw 


Clock to Feedback (Note 4) 20R8, 20R6 


Clock Wiah 
HIGH 


(Note 5) No Feedback 1/(twa + tw) 
tpzx OE to Output Enable 


avian External Feedback} 1/(ts + tco) 
Frequency Internal Feedback | 1/(ts + tcr) 
OE to Output Disable 





tco 
tor 
| twe 
Max 
| tea | Input to Output Enable Using Product Term Control 


Input to Output Disable Using Product Term Control 


Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums are measured under best-case conditions. 
4. Calculated from measured fax internal. 
5 


. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M) Devices (Note 1) 

Ambient Temperature Ambient Temperature (Ta) 

with Power Applied —55°C to +125°C Operating in Free Air —55°C Min. 

Supply Voltage with Operating Case (Tc) 

Respect to Ground -0.5Vto+7.0V Temperature +125°C Max. 

DC Input Voltage -0.5 V to +5.5V Supply Voltage (Vcc) 

DC Output or I/O Pin Voltage -0.5 V to Vcc Max. with Respect to Ground +4.50 V to +5.50 V 
DC Input Current -30 mA to+5 mA 


Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- fopalty ob the: device ts guarantove, 


ings may cause permanent device failure. Functionality at or 

above these limits is not implied. Exposure to Absolute Maxi- Note: 

mum Ratings for extended periods may affect device reliabil- 1. Military products are tested at Tc = +25°C, +125°C, 
ity. Programming conditions may differ. Absolute Maximum " 

Ratings are for system design reference; parameters given and -55°C per MIL-STD-883. 
are not tested. 


IN ae ad over MILITARY operating ranges unless otherwise specified 
Note 2 


Parameter 
Symbol Parameter Description Test Conditions 
Vou Output HIGH Voltage lon =-2 MA OVin= Vin or Vit 
| Vcc = Min. 
V Output LOW Voltage lo. = 12 mA Vin = Vin or Vit 
Vcc = Min. 


OL 
IH 
Vi 












0 


Input HIGH Voltage Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 3) 

L Input LOW Voltage Guaranteed Input Logical LOW 
| Voltage for all Inputs (Note 3) 


i 
[vi [ input Clamp Votage w= 18 mA, Vec=Min. ———SS*dYSSC*d CP 

C. 

_ 





Vi 
Fm | Input HIGH Current Vin = 2.4 V, Vcc = Max. (Note 4) 
Input LOW Current Vin = 0.4 V, Voc = Max. (Note 4) 
| = «| Maximum Input Current | Vin = 5.5 V, Voc = Max. 


V 
V 
V 
V 
- V 
pA 
lozH Off-State Output Leakage Vout = 2.7 V, Vcc = Max. 100 | wA 
Current HIGH Vin = Vinor Vit (Note 4) 
loz Off-State Output Leakage Vout = 0.4 V, Voc = Max. 100 | pA 
Current LOW Vin = Vin or Vit (Note 4) 
Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) 


Icc Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) 210 | mA 
Vcc = Max. 


Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 
3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vi_ and Vin are absolute voltages with 


respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


25 | WA 


4. VO pin leakage is the worst case of li, and lozz (or liq and lozn). 


5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter | 
Symbol | Parameter Description Test Conditions Typ. 
| Cw | Input Capacitance Vin=2.0V CLK, OE 
| Other Inputs oF 
Output Capacitance Vout = 2.0 V Outputs FB | 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 












SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter : 

we 
Input or Feedback to 20L8, 20R6 3 

| Combinatorial Output —20R4_ 


Setup Time from Input or Feedback to Clock | j ] 










Poth Holdtime 
tor Clock to Feedback (Note 4) 

twe Clock Width LOW 

jae sesarian 

| fax 


Frequency Internal Feedback | 1/(ts + tcr) 


(Note 5) No Feedback -A/(twH + tw) 


OE to Output Enable (Note 6) | 
OE to Output Disable (Note 6) 


Input to Output Enable Using Product 
Term Control (Note 6) | 












20L8, 20R6 


Input to Output Disable Using Product 20R4 


Term Control (Note 6) 


Notes: 


2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Minimum value for tpp, tco, tpzx, tpxz, tea, and ten parameters should be used for simulation purposes 
only and are not tested. 


4. Calculated from measured fmax internal. 


5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 V to Veco + 0.5 V 


: Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges un 
specified 


Parameter 
Symbol Parameter Description 
Output HIGH Voltage 












Test Condition 


Output LOW Voltage , A 


Input HIGH Voltage 







= 5.5 V, Vcc = Max. 
b Vout = 2.7 V, Voc = Max. 


Vin = Vin or Vit (Note 2) 
Off-State Output Léakage Vout = 0.4 V, Vcc = Max. 1-100 | pA 
Current LOW Vin = Vinor Vit (Note 2) : 
| Isc | Output Short-Circuit Current | Vour = 0.5 V, Voc = Max. (Note 3) 
CC 


| Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) 210 | mA 
Voc = Max. 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 











2. WO pin leakage is the worst case of lit and lozt (or li and lozx). 


3. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 
Parameter 


Parameter Description 


Input or Feedback to 20L8, 20R6 
Combinatorial Output 


[eT Setup Time trom Input or Feedback Gok 
2 oT: 
Soak Wa 

Maximum External Feedback 


Frequency 

(Note 2) No Feedback 1/(twH + twL) 
OE to Output Enable 
| texz___ | OE to Output Disable 


{EA 


Notes: 
1. See Switching Test Circuit for test conditions 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 










Storage Temperature —65°C to +150°C Military (M ) Devices (Note 1) 

Ambient Temperature Ambient Temperature (Ta) 

with Power Applied —55°C to +125°C Operating in Free Air ~—55°C Min. 

Supply Voltage with Operating Case (Tc) 

Respect to Ground —0.5 Vto +7.0V Temperature +125°C Max. 

DC Input Voltage -15V to+55V Supply Voltage (Vcc) 

DC Output or 1/O Pin Voltage 5.5 V with Respect to Ground +4.50 V to +5.50 V 
Stresses above those listed under Absolute Maximum Rat- Operating ranges define those limits between which the func- 
ings may cause permanent device failure. Functionality at or tionality of the device is guaranteed. 

above these limits is not implied. Exposure to Absolute Maxi- 

mum Ratings for extended periods may affect device reliabil- Note: 

ity. Programming conditions may differ. Absolute Maximum ' 4 

Ratings are for system design reference; parameters given 1. Military products are teste@, 25°C, +125°C, 
are not tested. and —55°C Pet: poles 5 

DC CHARACTERISTICS over MILITARY operating ranges ( Unless. otherwise specified 
(Note 2) L . 7 


Parameter 
— Parameter Description 


Output HIGH Voltage 







i Vin = 0.4 V, Voc = Max. (Note 4) 


Vout = 2.4 V, Vcc = Max. 100 LA 
Vin = Vinor Vit (Note 4) 
Off-State Output Leakage —100 | WA 
Current LOW 


Vout = 0.4 V, Vcc = Max. 
Isc Output Short-Circuit Current | Vour = 0.5 V, Vcc = Max. (Note 5) 


Vin = Vin or Vit (Note 4) 
Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) hale 
Notes: 


Vcc = Max. 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vi and Vip are input conditions of output tests and are not themselves directly tested. Vi_ and Viy are absolute voltages with 


respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

















Off-State Output Cea 
Current HIGH . 



















4. W/O pin leakage is the worst case of I, and lozz (or lin and lozp). 


5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 
Parameter 





Symbol Parameter Description 


Input or Feedback to 20L8, 20R6 | 20 
Combinatorial Output | 





-—— eoues Time from Input or Feedback to Clock 











Clock to Output || Feedback 
P awe Width vr 0 


i Maximum External Feedback | 1/(ts + tco) 


Frequency 
(Note 2) No Feedback 1/(twH + tw) 
OE to Output Enable (Note 3) 
texz OE to Output Disable (Note 3) 


Input to Output Enable Using Product 
Term Control (Note 3) 


Input to Output Disable Using Product 
Term Control (Note 3) 








Notes: 


1. See Switching Test Circuit for test com@ii) 
tested per MIL-STD-883, Method 5008, 


2. These parameters are NOlalO 


sti 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 Vto Vcc +0.5V 


; Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges up} 
s 


pecified wr. . 
Parameter gilt, : { | i 
Symbol Parameter Description 2. ty 

VoL ; a fi Be ee f _ / 
Vin ve ae _ ¢ Y | 
Vit 
Vi 
iH 











Fe 
B 


a ae 
P| 25 | A 


250 a 
|| 100 | nA | 


iG 
Vout = 0.4 V, Voc = Max. -100 | pA 
Vin = Vin or Vit (Note 2) 


Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 3) 


loc Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) 105 | mA 
Vcc = Max. 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 








2. VO pin leakage is the worst case of li, and loz (or liq and loznH). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 






Parameter 











Input or Feedback to 20L8, 20R6 


Combinatorial Output 





Clock to Output 
tcr Clock to Feedback (Note 2) 
| Clock Width LOW 









20R8, 20R6 
20R4 




















External Feedback| 1/(ts +tco) 
internal Feedback 1/(ts + tor) 
No Feedback 1/(twH + tw.) 


E to Output Enable 
OE to Output Disable 
Input to Output Enable Using Product Tern G 
Input to Output Disable Using Produd 


Maximum 
Frequency 
(Note 3) 















3. These parameters a 


arid at any time the design is modified 
where frequency 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground 0.5 Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —1.5 Vto Vcc + 0.5 V 


; Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- ih, 
ity. Programming conditions may differ. . 










DC CHARACTERISTICS over COMMERCIAL operating rang 
specified 









4 
Ht 
i 


Input HIGH Voltage « 
H Hi 











se 
ae 








OTE Ol 


|, Vege = Max. (Note 2) 
J Vcc = Max. (Note 2) 
5 V, Voc = Max. 


out = 2.7 V, Vcc = Max. 
| Vin = Vinor Vit (Note 2) 


Vout = 0.4 V, Vcc = Max. 


Off-State Output Leak 
Current LOW Vin = Vinor Vi (Note 2) _ 


Output Short-Circuit Current | Vout = 0.5 V, Vcc = Max. (Note 3) - —13 
cc ; ) 


| Supply Current | Vin=OV Outputs Open (lout = 0 mA 
| Vcc = Max . 7 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 







set 
f 


ut LOW Cu 


a 


| 
N 
1 
So 






= 
©O 
Lo) 











i 
© 
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nN 
are 
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Oo 
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2. I/O pin leakage is the worst case of I, and lozt (or lin and lozx). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 









Parameter 
Symbol 

















Parameter Description 


Input or Feedback to 20L8, 20R6 


20R4 


Combinatorial Output 


[ts | Setup Time trom Input or Feedback to Clock 
a 
| tco | ClocktoOutput i ssi—‘—sSCSY 

[te | orckio Feecback oie) 
| iw | Clock Width = | LOW 
| tw 





20R8, 20R6 










Maximum 
Frequency 
(Note 3) 






Ad at any time the design is modified 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65°C to +150°C 
Ambient Temperature 

with Power Applied —55°C to +125°C 
Supply Voltage with 

Respect to Ground ~0.5 Vto +7.0 V 
DC Input Voltage -1.5V to+5.5V 


DC Output or I/O Pin Voltage 5.5 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


DC CHARACTERISTICS over MILITARY operating ranges 


(Note 2) 
Parameter 
Symbol Parameter Description 
Vou Output HIGH Voltage 


Output LOW Voltage 





Off-State Output Leakage 
Current LOW 





lec Vin = 0 V, Outputs Open (lout = 0 mA) 


Vcc = Max. 





Notes: 





VouT = vi Vec = Max. 
Vin = Vin or Vit (Note 4) 
Vout = 0.4 V, Vec = Max. 
Vin = Vin or Vit (Note 4) 





OPERATING RANGES 


Military (M ) Devices (Note 1) 
Ambient Temperature (Ta) 


Operating in Free Air —55°C Min. 
Operating Case (Tc) 

Temperature +125°C Max. 
Supply Voltage (Vcc) 

with Respect to Ground +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Note: 
1. Military products are tested 









+25°C, +125°C, 













2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vi_ and Viy are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 


without suitable equipment. 


I/O pin leakage is the worst case of li_ and loz (or tin and Iozp). 


5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 





PAL20R8A Series (Mil) 





SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 









Parameter 
Symbol 








Parameter Description 

















Pots cael Time from Input or Feedback to Clock 
Clock to Output or Feedback 


Clock Width LOW 
| tw | | HIGH | 
Maximum External Feedback | 1/(ts + tco) 


Frequency 
No Feedback 1/(twH + twt) 
OE to Output Enable (Note 3) 
OE to Output Disable (Note 3) 


Input to Output Enable Using Product 
Term Control (Note 3) 


Input to Output Disable Using Product 
Term Control (Note 3 









1. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —1.5 V to Vcc + 0.5 V 


; Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may.affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless wise 
specified 7 >. wo 


Parameter | 
Symbol Parameter Description 


VoH Output HIGH Voltage 









Output LOW Voltage 





VoL 





c=Max.(Note2) | | -250 | A | 


out = 2.7 V, Vcc = Max. 
Bini 












Vin = Vin or Vit (Note 2) 


Vout = 0.4 V, Vec = Max. 
Vin = Vin or Vit (Note 2) 






Off-State Output Leak 
Current LOW 


Output Short-Circuit Current | Vour = 0.5 V, Voc = Max. (Note 3) | -30 | -130 | mA | 


Supply Current 





Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. \/O pin leakage is the worst case of Ij, and lozz (or lH and lozn). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 











Parameter 
Symbol 









Parameter Description 


Input or Feedback to 
Combinatorial Output 


[ts___| Setup Time from Input or Feedback to Glock 
wf HoldTime 
ee 
Clock Width |LOW 


Frequency 

(Note 2) No Feedback 1/(twH + tw.) 
OE to Output Enable 
OE to Output Disable 







20L8, 20R6 
















20R8, 20R6 

















| cS 


ih ne 5 
ih 









2 y 





; design is modified 





2. These parameters are not 100% tested 
where frequency may be affected. ; 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M ) Devices (Note 1) 

Ambient Temperature Ambient Temperature (Ta) 

with Power Applied -55°C to +125°C Operating in Free Air —55°C to +125°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground 0.5 Vto+7.0V with Respect to Ground +4.50 V to +5.50 V 
DC Input Voltage -1.5V to+5.5V 


Operating ranges define those limits between which the func- 


DC Output or I/O Pin Voltage 5.5 V tionality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Rat- 

ings may cause permanent device failure. Functionality at or Note: 
above these limits is not implied. Exposure to Absolute Maxi- 1. Military products are tested at Tc = +25°C, +125°C, 
mum Ratings for extended periods may affect device reliabil- d 55°C MIL-STD-883, 

ity. Programming conditions may differ. Absolute Maximum ee ie 
Ratings are for system design reference; parameters given 
are not tested. 












(Nc oo over MILITARY operating ranges 
ote 2 2 


Parameter | 
Symbol _| Parameter Description 
iz 
Vit | 












2-4, Voc = Max. ( 
vi 0.4 V, Voc = Max. (Note 4) 


, Maximum Input sure - a Vin = 5.5 V, Voc = Max. 7 ~| 
Off-State Output Lea} | Vout = 2.4 V, Vcc = Max. 100 | pA 
| Current HIGH ; | Vin = Vin or Vit (Note 4) | 
loz Off-State Output Leakage Vout = 0.4 V, Vcc = Max ~100 | wA 
Current LOW | | Vin = Vin or Vit (Note 4) | | | 
| Isc __| Output Short-Circuit Current | Vour = 0.5 V, Vcc = Max. (Note 5) 130 


Isc | 
loc Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) 
| Vcc = Max. | | 












Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vi_ and Vin are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


I/O pin leakage is the worst case of I, and lozz (or liq and lozx). 


Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 
Parameter 


Symbol Parameter Description 


Input or Feedback to 
Combinatorial Output 


Hold Time 
tco Clock to Output or Feedback 


tw. Clock Width LOW 





20L8, 20R6 
20R4 















20R8, 20R6 









Maximum 
Frequency 


(Note 2) No Feedback 1/(twH + twt) 
tezx OE to Output Enable (Note 3) 














An ce 
a 


{Max 










tpxz OE to Output Disable (Note 3) | ons | 
Input to Output Enable Using Product 45 
Term Control (Note 3) 
ee Input to Output Disable Using Product Ries 
Term Control (Note 3 
Notes: 


1. See Switching Test Circuit for test cog} 
tested per MIL-STD-883, Method 50 


2. These parameters are n 





where 
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SWITCHING WAVEFORMS 


Input or 
Feedback Vr 
tpp 
Combinatorial 
Output Vt 
12015-010A 
Combinatorial Output 
ts + tcr 
Clock Vr 
12149-025A 
Clock to Feedback (fax Internal) 
See Path at Right 
Clock / 
Registered 
Output 1 Vr 
tskEW 
Registered 
Output 2 s 
12350-015A 


Registered Output Skew for Outputs 
Switching in the Same Direction 


input 


Output 





12015-013A 
Input to Output Disabie/Enable 


Notes: 


1.Vr=1.5V 
2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2—5 ns typical. 
(2—4 ns for -7 (-12 Mil) and -10 (-15 Mil) Series) 





Input or 
reo 
ts tH 
Vt 
Clock tco 
Registered 
Output Vr 
12015-012A 
Registered Output 
CLK 
a eee 1 
| ¥ | 
| ts | 
{ LOGIC REGISTER | 
| | 
| | 
| | 
| | 
Len cree comes matt ces Snes Stine Seen GD Mine Sut SED SURE GEE GuRNE Gee Gem tom wnt comme ad 
12015-021A 
tWH 
Clock VT 

tWe 

12015-01 1A 
Clock Width 


OE 


Output 





12015-014A 
OE to Output Disable/Enable 
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PAL20R8 Family 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from HtoL 


May Will be 
Change Changing 
from L to H from Lto H 


Don’t Care; Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 

Apply Line is High- 
Impedance 
“Off” State 





KS0000 10-PAL 


SWITCHING TEST CIRCUIT 
5V 
Si 
R; 
Output Test Point 
Re 


— —s 12350-019A 


— 
Measured 
Specification ae a a Value 
tpzx, tea Z— H: Open 50 pF 1 a V 
Z — L: Closed 200Q2 | 3902 | 3900 | 7500 
tpxz, ter H —Z: Open 5 pF ieee »Z: Vou — 0.5 V 
L —Z: Closed L—+Z:Vo.r+0.5V 


PAL20R8 Family 2-147 
















INPUT/OUTPUT EQUIVALENT SCHEMATICS 





Typical Input Typical Output 
Voc > Voc 
40 Q NOM 
= A 
12350-020A > > Output 
Program/Verify ae Program/Verify/ 
Circuitry Pj Test Circuitry 
ins 
Preload 
Circuitry 
(if available) 
\/ 
- 10294-002A 





2-148 PAL20R8 Family 


OUTPUT REGISTER PRELOAD 


Applies to -7 (-12 Mil) Series Only preload a HIGH in the flip-flop. Leave combinatorial 


The preload function allows the register to be loaded Suiputs Healing: 


from the output pins. This feature aids functional testing 5. Lower pin 2 to Vip. 

of sequential designs by allowing direct setting of output 

states. The procedure for preloading follows. 6. Remove Vite/Vuu from ail registered output pins. 

1. Raise Vcc to Vecu. 7. Lower OE to Vip to enable the output registers. 

2. Set OE to Vine to disable output registers. 8. Verify Vo./Vou atall registered output pins. Note that 
; ; because of the output inverter, a register that has 

3. Raise pin 2 to Vin to enter preload mode. been preloaded HIGH will provide a LOW at the 


4. Apply either Vu or Vitp to all registered outputs. Use output. 


Vu to preload a LOW in the flip-flop; use Vitp to 


Parameter 
Symbol Parameter Description 


Ve Super-level input voltage 

Low-level input voltage | Oe 

[Vi |” High-level input voltage 2s ee a ae 
. 


Power supply during preload 
































to tp to to to 
: \ ——— Vine 
OE Vitp 
—— VHH 
Pin 2 . 
, | Vip 
: — vo 
VOH 
Registered { ) 
Output | VoL 
| Sora Vip 
10294-003A 


Output Register Preload Waveform 
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OUTPUT REGISTER PRELOAD 

Applies to -10 (-15 Mil) Series Only preload a LOW in the flip-flop. Leave combinatorial 
The preload function allows the register to be loaded Guiputs 7oating: 

from the output pins. This feature aids functional testing . Pulse pin 10 to Vun, then back to 0 V. 


4 
of sequential designs by allowing direct setting of output ; 
states. The procedure for preloading follows. 5. Remove Vitp/Vine from all registered output pins. 
6 
7 


1. Raise Vcc to 4.5 V. . Lower OE to Vite to enable the output registers. 


. Verify VoL/Vou at all registered output pins. Note that 


because of the output inverter, a register that has 
3. Apply either Vinp or Vitp to all registered outputs. Use been preloaded HIGH will provide a LOW at the 
Vine to preload a HIGH in the flip-flop; use Vip to output. 


Parameter 
Symbol Parameter Description 


VHH Super-level input voltage 


2. Set OE to Vinp to disable output registers. 


High-level input voltage 


Delay time 


Low-level input voltage ; 





. 4 monet NY 
OE IHP 
ViLP 
—— VHH 
Pin 10 
VILP 
Registered \ VoH 
Outputs VoL 
——r———~ Vitp 
10294-004A 


Output Register Preload Waveform 
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POWER-UP RESET 


The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will be HIGH due to the inverting output 
buffer. This feature is valuable in simplifying state ma- 
chine initialization. A timing diagram and parameter ta- 
ble are shown below. Due to the synchronous operation 
of the power-up reset and the wide range of ways Vcc 






Input or Feedback Setup Time 





4V 
Power 


tpr 


Registered 
Active-Low 
Output 


Clock 


Parameter 
Symbol Parameter Description 


Power-up Reset Time 
Clock Width LOW 


can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 


1. The Vcc rise must be monotonic. 


2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed- 
back setup times are met. 


See Switching 
Characteristics 


Vcc 






ts 
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Power-Up Reset Waveform 
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COM’L :-20/std MIL: std ae 

i\ 

PAL20RA10/-20 Advanced 
24-pin Asynchronous TTL Programmable Array Logic Devices 


DISTINCTIVE CHARACTERISTICS 


m As fast as 20 ns maximum propagation delay m 6 TTL-level register preload for testability 
and 30 MHz fuax Easy design with PALASM® software 
m Individually programmable asynchronous ® 
ciock, preset, reset, and enabie Programmable on standard PAL device 
programmers 
Registered or combinatorial outputs ™ 24-pin SKINNYDIP® and 28-pin PLCC 
Programmable polarity packages save space 


Programmable replacement for high-speed 
TTL logic 


GENERAL DESCRIPTION 


The PAL20RA10 offers asynchronous clocking for each 
of the ten flip-flops in the device. The ten macrocells fea- 
ture programmable clock, preset, reset, and enable, and 
all can operate asynchronously to other macrocells in 
the same device. The PAL20RA10 also has flip-flop by- 
pass, allowing any combination of registered and com- 
binatorial outputs. 


The PAL20RA10 utilizes Advanced Micro Devices’ ad- 
vanced oxide- and junction-isolated bipolar processes 
and fuse-link technology. The devices provide user-pro- 
grammable logic for replacing conventional SSI/MSI 
gates and flip-flops at a reduced chip count. 


The PAL20RA10 allows the systems engineer to imple- 
ment the design on-chip, by opening fuse links to config- 
ure AND and OR gates within the device, according to 
the desired logic function. Complex interconnections 
between gates, which previously required time- 
consuming layout, are lifted from the PC board and 


placed on silicon, where they can be easily modified dur- 
ing prototyping or production. 


The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 


Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Registers consist of D-type flip-flops that are 
loaded on the LOW-to-HIGH transition of the clock. Un- 
used input pins should be tied to Vcc or GND. 


The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro- 
grammed on conventional PAL device programmers. 


BLOCK DIAGRAM Dedicated 
Inputs 
Output r) Preload 
Enable 10 
\/ 
M | 1 
Programmable 
ie a 
ah a pe “ eae at jut ie MACRO- 
Enable]| cig a cs ey — cy ra cd ca rar 
Ly iva y ie ie iy ig ty te ty _ 
ie a ay ea a es na cov i oi 
Output Output Output Output Output Output Output Output Output Output 10243-001A 


PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. Publication # 10243 Rev. C Amendment /0 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 





issue Date: January 1990 
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CONNECTION DIAGRAMS 
Top Views 


SKINNYDIP/FLATPACK 











10243-003A 
PLCC (std only) 
12350-005A 
PIN DESIGNATIONS 
GND Ground 
| Input 
VO Input/Output 10243-004A 
NC No Connect 
OE Output Enable 
PL Preload 
Vec Supply Voltage 
12 13 14 15 16 #17 #18 
“? eb eg? 
10243-005A 


Note: 
Pin 1 is marked for orientation 
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ORDERING INFORMATION 
Commercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: Family Type 

Number of Array Inputs 

Output Type 

Number of Outputs 

Speed 

Operating Conditions 

. Package Type 

. Optional Processing 


7a -OROTD 


PAL 20 RA 10 -20 CNS 









a. FAMILY TYPE 
PAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


h. OPTIONAL PROCESSING 
Blank = Standard Processing 


c. OUTPUT TYPE g. PACKAGE TYPE 
RA = Registered Asynchronous NS = 24-Pin 300-mil Plastic 
SKINNYDIP (PD3024) 
FN = 28-Pin Plastic Leaded 





d. NUMBER OF OUTPUTS 





Chip Carrier (PL 028), 
e. SPEED JEDEC pinout 
20 = 20nst NL = 28-Pin Plastic Leaded 
oe Chip Carrier (PL 028), 
Blank = 30 ns tep non-JEDEC pinout 
f. OPERATING CONDITIONS JS = 24-Pin 300-mil Ceramic 
C = Commercial (0°C to +75°C) : SKINNYDIP (CD3024) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 


Valid Combinations 






CNS, Consult the local AMD sales office to confirm 
PAL20RA10-20 CFN, availability of specific valid combinations, and to 
| CJS check on newly released combinations. 
CNS, Note: Marked with MMI logo. 
PAL20RA10 CNL, 







CUS 
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ORDERING INFORMATION 
APL Products 


AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: Family Type 

Number of Array Inputs 

Output Type 

Number of Outputs 

Operating Conditions 

Package Type 

Device Class 


a-paoop 


PAL 20 RA10M JS/883B 






a. FAMILY TYPE 
PAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


c. OUTPUT TYPE 


g. DEVICE CLASS 
/883B = Class B 


f. PACKAGE TYPE 





RA = Registered Asynchronous JS= 24-Pin 300-mil Ceramic 
SKINNYDIP (CD3024) 
W = 24-Pin Ceramic Flatpack 
d. NUMBER OF OUTPUTS (CFLO24) 
L = 28-Pin Ceramic Leadless 
e. OPERATING CONDITIONS Chip Carrier (CL 028) 
M = Military (-55°C to + 125°C) 
Valid Combinations Valid Combinations 
| The Valid Combinations table lists configurations 
MJS/883B, planned to be supported in volume for this device. 
PAL20RA10 MW/883B, Consult the local AMD sales office to confirm 
ML/883B availability of specific valid combinations, and to 





check on newly released combinations. 


Note: Marked with MMI logo. 


Group A Tests 
Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 


Military Burn-in 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A through 
E. Test conditions are selected at AMD’s option. 
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PL 





FUNCTIONAL DESCRIPTION 


The PAL20RA10 has ten dedicated input lines and ten 
programmable |/O macrocells. The Registered Asyn- 
chronous (RA) macrocell is shown in Figure 1. Pin 1 
serves as global register preload and pin 13 serves as 
global output enable. Programmable output polarity is 
available to provide user-programmable output polarity 
for each individual macrocell. 


The programmable functions in the PAL20RA10 are 
automatically configured from the user's design 
specification, which can be in a number of formats. The 
design specification is processed by development 
software to verify the design and create a programming 
file. This file, once downloaded to a programmer, 
configures the device according to the user’s desired 
function. 


Programmable Preset and Reset 


In each macrocell, two product lines are dedicated to 
asynchronous preset and asynchronous reset. If the 
preset product line is HIGH, the Q output of the register 
becomes a logic 1. If the reset product line is HIGH, the 
Q output of the register becomes a logic 0. The opera- 
tion of the programmable preset and reset overrides the 
Clock. 


Combinatorial/Registered Outputs 


If both the preset and reset product lines are HIGH, the 
flip-flop is bypassed and the output becomes combina- 
torial. Otherwise, the output is from the register. Each 
output can be configured to be combinatorial or regis- 
tered. 


10232-004A 


Figure 1. PAL20RA10 Macrocell 2 


Programmable Clock 


The clock input to each flop-flop comes from the pro- 
grammable array, allowing any flip-flop to be clocked in- 
dependently if desired. 





Combinatorial/Active Low 





4 


Registered/Active High Combinatorial/Active High 


10232-005A 


Figure 2. Macrocell Configurations 
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Pinouts 


Three-State Outputs 


The devices provide a product term dedicated to local 
output control. There is also a global output control pin. 
The output is enabled if both the global output control 
pin is LOW and the local output control product term is 
HIGH. If the global output control pin is HIGH, all outputs 
will be disabled. If the local output control product term is 
LOW, then that output will be disabled. 


Security Fuse 


Asecurity fuse is also provided to prevent unauthorized 
copying of PAL device patterns. Once the fuse is pro- 
grammed, the circuitry enabling verification is perma- 
nently disabled, and the array will read as if every fuse is 
programmed. With verification not operating, it is impos- 
sible to simply copy the PAL device pattern on a PAL de- 
vice programmer. 


Programmable Polarity 


The outputs can be programmed either active-LOW or 
active-HIGH. This is represented by the Exclusive-OR 
gate shown in the PAL20RA10 logic diagram. When the 
output polarity fuse is programmed, the lower input to 
the Exclusive-OR gate is HIGH, so the output.is active- 
HIGH. Similarly when the output polarity fuse is intact, 
the output is active-LOW. The programmable output po- 
larity feature allows the user a higher degree of flexibility 
when writing equations. 


Programming 


The PAL20RA10 can be programmed on standard logic 
programmers. Programmers approved by Advanced 
Micro Devices are listed in the Programmer Reference 
Guide. 


Register Preload 


The register on the PAL20RA10/20 can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di- 
rect loading of arbitrary states, making it unnecessary to 
cycle through long test vector sequences to reach a de- 
sired state. In addition, transistions from illegal states 
can be verified by loading illegal states and observing 
proper recovery. Register preload is controlled by a 
TTL-level signal, making it a convenient board-level in- 
itialization. function. 


All PAL2ZORA10 devices have the same SKINNYDIP 
pinouts independent of performance and operating con- 
ditions. Because the 24-pin SKINNYDIP requires four 
no-connects when mapped into the 28-pin PLCC/LCC 
packages, the PLCC/LCC pinouts can vary. 


Two different PLCC pinouts are offered. The 
PAL20RA10-20 and all future devices will follow the 
JEDEC electronics committee’s standard pinout 
(“JEDEC pinout”) with no-connects on pins 1, 8, 15, and 
22. The older, standard PAL20RA10 devices retain their 
original pinouts with no-connects on pins 5, 8, 11, and 
19. 


PAL20RA10 devices with the MMI marking indicate the 
PLCC pinout. by the package designator: FN indicates 
JEDEC, and NL indicates non-JEDEC. 


A different LCC pinout is offered for the military 
PAL20RA10. Older devices retain their original pinouts, 
with no-connects on pins 4, 11, 18, and 25. 


















Mil 
LCC 
No-connects 


-20 1,8, 15, 22 N/A 


(JEDEC) 
std. 5,8, 11, 19 4,11, 18, 25 


Quality and Testability 


The PAL20RA10-20 offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro- 
gramming yields and post-programming functional 
yields in the industry. 


Com’! 
PLCC 
No-connects 








Technology 


The high-speed PAL20RA10-20 is fabricated with 
AMD’s advanced oxide-isolated bipolar process. This 
process reduces parasitic capacitances and minimum 
geometries to provide higher performance. The array 
connections are formed with proven TiW fuses. The 
standard PAL20RA10 is fabricated with AMD’s junction- 
isolated process, utilizing TiW fuses. 
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LOGIC DIAGRAM 
DIP (PLCC JEDEC, 


non-JEDEC) Pinouts, see Connection Diagrams for LCC Pinout 


PAL20RA10 


0123 48 67 8S FS 103F 121314615 1617 1819 2212WB MSU BBVIDWN VBUMI BVMHN 


DIP(PLOC JEDEC, nan-JEOEC) 


Pinot s 


(2.11 —D 
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PAL20RA10/-20 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65°C to +150°C 
Ambient Temperature 

with Power Applied —55°C to +125°C 
Supply Voltage with 

Respect to Ground —-0.5Vto +7.0V 


—1.5V to Vcc +0.5V 
—0.5V to Vcc + 0.5 V 


DC Input Voltage 
DC Output or I/O Pin Voltage 


DC Current into Outputs 16 mA 
(-20 only) 

Static Discharge Voltage 

(-20 only) 2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING RANGES 
Commercial (C) Devices 
Ambient Temperature (Ta) 


Operating in Free Air 0°C to +75°C 
Supply Voltage (Vcc) 
with Respect to Ground +4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 


specified 


Parameter 
Symbol 














loz | Off-State Output Leakage 
Current LOW 


Output Short-Circuit Current 


Supply Current 


Notes: 








Parameter Description Test Conditions | a 
VoH Output HIGH Voltage loo = -3.2 MA Vin = Vin Or Vit 
Vcc = Min. 
Output LOW Voltage lo. = 8 MA 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 
7 | Voltage for all Inputs (Note 1) 
Vit Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 

Input Clamp Voltage lin = —18 mA, Vcc = Min pf AS] OV 
| om | Input HIGH Current Vin = 2.4 V, Vcc = Max. (Note 2) Ff 25 | pA | 


Input LOW Current _ Vin = 0.4 V, Voc = Max. (Note 2) 
Maximum Input Current Vin = 5.5 V, Voc = Max. 


| lozH Off-State Output Leakage Vout = 2.4 V, Vcc = Max. 
Current HIGH Vin = Vin or Vit (Note 2) 


Vout = 0.4 V, Vcc = Max. 
Vin = Vin or Vit (Note 2) 


Vout = 0.5 V, Vcc = Max. (Note 3) -30 


Vin = 0 V, Outputs Open (lout = 0 MA) 
Vcc = Max. 


2.4 V 


Vin = Vin or Vit 
Vcc = Min. 









E 
© 
fo) 

is 


Basi hel 


1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. W/O pin leakage is the worst case of li, and lozz (or liq and lozn). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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PAL20RA10/-20 (Com’l) 


CAPACITANCE (Note 1) (-20 only) 


Parameter —_ 
Symbol Parameter Description Test Conditions 


Cin Input Capacitance Vin = 2.0 V 
CLK, OE 
Output Capacitance Vout = 2.0 V | 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where Capacitance may be affected. 








Ta = +25°C 
f= 1 MHz 









SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 










Parameter 







Parameter Description 


y 
Input or Feedbackto | _ActiveLow | 
Combinatorial Output Active High ea ees el 


| ts | Setup Time from Input or Feedback to Clock 
tl , | ActiveLow 

Clock to Output or Feedback 

| tap | Asynchronous Preset to Registered Output eet 


2 


wed, 


we) ro [po | pod po | Po 


Asynchronous Preset Width 
| tan Asynchronous Reset to Registered Output 
| tanw | Asynchronous Reset Width 


| tm |LOWt—“i‘“‘“‘<‘<‘iCOCSY | | | 14 | 14 
—1 Clock Width 
HIGH 
| Maximum External Feedback | 1/(ts + tco) 
fMax Frequency 3 3 | | 
No Feedback 1/(twH + tw) 


N NO NOPD 


20 
20 







MHz 





MHz 


[tna | OE to Output Disable SS 
[tex | input to Output Enable Using Proaual Term Gono | 


Notes: 
2. See Switching Test Circuit for test conditions. 


A 


; 
a 
mn 


1 
| 1 
2 
2 


o>) 





a 





3. Output delay minimums are measured under best-case conditions. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 


PAL20RA10/-20 (Com’l) 2-161 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 





Storage Temperature —65°C to +150°C Military (M) Devices (Note 1) 

Ambient Temperature Ambient Temperature (Ta) 

with Power Applied -55°C to +125°C Operating in Free Air —55°C Min. 

Supply Voltage with Operating Case (Tc) 

Respect to Ground -0.5Vto +7.0V Temperature +125°C Max. 

DC Input Voltage -1.5V to+5.5V Supply Voltage (Vcc) 

DC Output or I/O Pin Voltage 5.5 V with Respect to Ground +4.50 V to +5.50 V 
Stresses above those listed under Absolute Maximum Rat- Operating ranges define those limits between which the func- 
ings may cause permanent device failure. Functionality at or tionality of the device is guaranteed. 


above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 


Note: 
ity. Programming conditions may differ. Absolute Maximum sa 
Ratings are for system design reference; parameters given 1. Military products are tested at Tc = +25°C , +125°C, 
are not tested. and -55°C, per MIL-STD-883. 





(Ne Co over MILITARY operating ranges unless otherwise specified 
ote 


Parameter | _ 7 | a | 
Symbol Parameter Description Test Conditions er all 

Vou Output HIGH Voltage lon =-2 MA Vin = Vin OF Vit 2.4 Vt 
| : Vcc = Min. | | | 

Output LOW Voltage lo. = 8 MA Vin = Vin or Vit V 
| | Vcc = Min. | | | | 

Input HIGH Voltage Guaranteed Input Logical HIGH V 

—_ | Voltage for all Inputs (Note 3) Po. | 
Input LOW Voltage Guaranteed Input Logical LOW | 08 V 
7 Voltage for all Inputs (Note 3) _ | 


[—vi_[ ingot Glare Voiage | n= -18 mA, Veo = Min sv 
























Vo 

Vin 

Vit 

Vi | | 

| sim Input HIGH Current Vin = 2.4 V, Voc = Max. (Note 4) | 25 | pA | 
Input LOW Current Vin = 0.4 V, Voc = Max. (Note 4) | | 250] pA 


|_| Maximum Input Current Vin = 5.5 V, Voc = Max a 
lozH Off-State Output Leakage Vout = 2.4 V, Vcc = Max. | 100 | pA 
Current HIGH | Vin = Vin or Vit (Note 4) = 
loz Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA 
Current LOW Vin = Vin or Vit (Note 4) 


| Isc ___| Output Short-Circuit Current} Vour = 0.5 V, Voc = Max. (Note 5) 


loc Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) mA 
| Vcc = Max. a | | | 


Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vi_ and Vin are absolute voltages with 


respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. WVOpin leakage is the worst case of I, and lozz (or liq and lozy). 






5. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 


Symbol Parameter Description 


Input or Feedback to Active Low | 
Combinatorial Output | Active High 













Setup Time from Input or Feedback to Clock 


ty | Hold Time 10 
Active High . 





NO 


Clock to Output or Feedback 
| Asynchronous Preset to Registered Output 
Asynchronous Preset Width 25 


Asynchronous Reset to Registered Output 


| _tarw __| Asynchronous Reset Width 


Clock Width LOW 
a HIGH 
Maximum External Feedback I/(ts + tco) 
fax Frequency 
| | (Note 2) No Feedback 1/(twH + twi) | 
OE to Output Enable (Note 3) 


OE to Output Disable (Note 3) 
| tea | Input to Output Enable Using Product Term Control (Note 3) 
<a 


Input to Output Disable Using Product Term Control (Note 3) 
Notes: 


1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


| @ 


nn 
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on 
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3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 





Input or Input or 
Feedback vt Feedback 
tpD 
Combinatorial 
Output VT Clock 
12015-010A 
Combinatorial Output 
Registered 
Output Vr 


12015-012A 
Registered Output 


Input 
Asserting 
Asynchronous 
Preset 





tWL 


Registered 
Output 





12015-011A 


10232-007A Clock Width 


Input 
Asserting 
Asynchronous 
Reset 


Registered 
Output 





10232-009A 


Input or 
Feedback 


Output Output 





10232-008A 12015-014A 
Input to Output Disable/Enable OE to Output Disable/Enable 


Notes: 


1. VT = 1.5 V 
2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2—5 ns typical. 
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KEY 10 SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 


Change Changing 
from L to H from L to H 


Don’t Care; Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 

Apply Line is High- 
Impedance 
“Off” State 


Si 
R; 

Output Test Point 
, i ; 


12350-019A 
Commercial 





KS000010-PAL 


SWITCHING TEST CIRCUIT 


oa 
< 













| Measured 
_ jo [a _[ Fe | output vatue 
| tpzx, tEA Z — H: Open 50 pF | 1.5 V 
_ | Z — L: Closed S60Q | 1.1K Q | 560Q | 1.1K Q | 
tpxz, ter H —+Z: Open 5 pF HZ: Von-0.5V 
L + Z: Closed | ; 


L—>2Z: Vo. +05 V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 
Typical Input Typical Output 


cc : ———0 Voc 


40 Q NOM 


Input 





aaa 
> 





12350-020A 9 Output 
Program/Verify see Program/Verify/ 
Circuitry Pins Test Circuitry 
Preload 
Circuitry 
~ 12468-018A 
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OUTPUT REGISTER PRELOAD 


The preload function allows the register to be loaded 4. Remove Vitp/Vinp from all registered output pins. 

fromthe output pins. This feature aids functional testing = 

of sequential designs by allowing direct setting of output -—«9--: Lower OE to Viip to enable the output registers. 

States. The procedure for preloading follows. 6. Verify VoL/Vou at all registered output pins. Note that 

1. Set OE to Vinp to disable output registers. because of the output inverter, a register that has 
been preloaded HIGH will provide a LOW at the 

2. Apply either Vinp or Vitp to all registered outputs. output. 


Leave combinatorial outputs floating. 


3. Pulse PL from Vinp to Virp to Vinp. 


Parameter 
Symbol Parameter Description 








Low-level input voltage Fo | V 
|__Viie___|_ High-level input voltage 
-20 COM'L 





ee, 

ceed 

eae 
oe a 
stdcomL | 35 {| | 
ae 

as eed 

oe 

eed 





tsp Preload setup time 










Preload pulse width 





|__sticOmL | 25 
{stam | 30 









Preload hold time 





Registered 
Output 


twp tHP 


10232-010A 


Output Register Preload Waveform 





PAL20RA10/-20 2-167 





eT com: 4.15/25 MIL: H-20/25 > a 


PALCE20V8 


EE CMOS 24-Pin Universal Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 


# Pin, function and fuse-map compatible with all 
GAL® 20V8/As 

= Electrically erasable CMOS technology 
provides reconfigurable logic and full 
testability 

H High speed CMOS technology 
—15 ns propagation delay for “~15” version 
—25 ns propagation delay for “—25” version 

= Direct plug-in replacement for a wide range of 
24-pin PAL devices 

— Outputs individually programmable as 
registered or combinatorial 


GENERAL DESCRIPTION 


The PALCE20V8 is an advanced PAL device built with 
low-power, high-speed, electrically-erasable CMOS 
technology. Its macrocells provide a universal device 
architecture. The PALCE20V8 is fully compatible with 
the GAL20V8 and can directly replace PAL20R8 series 
devices and most 24-pin combinatorial PAL devices. 


Device logic is automatically configured according to the 
user's design specification. Design is simplified by 
PALASM design software, allowing automatic creation 
of a programming file based on Boolean or state equa- 
tions. PALASM software also verifies the design and 
can provide test vectors for the finished device. Pro- 
gramming can be accomplished on standard PAL 
device programmers. 


The PALCE20V8 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 


BLOCK DIAGRAM 


ay N 


Advanced 
Micro 
Devices 


= Programmable output polarity 

@ Programmable enable/disable control 

# Preloadable output registers for testability 

™ Automatic register reset on power-up 

™ Cost-effective 24-pin plastic SKINNYDIP® and 
28-pin PLCC packages 

= Programmable on standard PAL® device 
programmers 

™ Supported by PALASMe software 

M Fully tested for 100% programming and 
functional yields and high reliability 


complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa- 
tions are programmed into the device through floating- 
gate cells inthe AND logic array that can be erased elec- 
trically. 


The fixed OR array allows up to eight data product terms 
per output for logic functions. The sum of these products 
feeds the output macrocell. Each macrocell can be 
programmed as registered or combinatorial with an ac- 
tive-high or active-low output. The output configuration 
is determined by two global bits and one local bit control- 
ling four multiplexers in each macrocell. 


CLK) 


Programmable oe Array 





yg gd 
& a NA M NZ} NZI 


EN l42 


/Oo VO; VOz vO, 





PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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CONNECTION DIAGRAMS 
Top View 








Note: Pin 1 is marked for orientation. 





SKINNYDIP 
CLK/Ig 1@ Voc 

y 2 3 vO7 

1g 4 We. 

lg 5 Ws 

's LJ} ® Wr, 

lg 7 34 

ty | 8 VOo 

! 8 tS) VO, 

tg Lj t° Wo 

Mo [| lio 

GND [7] OEM, 

12197-002B 
Pin Designations: CLK = Clock 
GND= Ground 
I = Input 
VO = Input/Output 
NC = No Connect 
OE = Output Enable 
Vcc = Supply Voltage 
ORDERING INFORMATION 


Commercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
f. 


(Valid Combination) is formed by a combination of: 


a. FAMILY TYPE 


PAL= Programmable Array Logic 





b. TECHNOLOGY 


CE = CMOS Electrically Erasable 


6. NUMBER OF FLIP-FLOPS =| 






c. NUMBER OF 
ARRAY INPUTS 


d. OUTPUT TYPE 
V = Versatile 


f. POWER 
H = Half Power (90 mA Icc) 


g. SPEED 
-15 = 15 nstpp 
-25 = 25 ns tpp 





| PALCE20V8H-15 | 5 


PALCE20V8H-25 





Valid Combinations 


peers e| Oa 


Family Type 


b. Technology 


c. 
d. 
e. 


PAL CE 20 V8H-15 PC 


Number of Array Inputs 
Output Type 
Number of Flip-Flops 


LE 





Power 


g. Speed 


h. 


I 
j. 


Package Type 
Operating Conditions 
Programming Designator 


PROGRAMMING DESIGNATOR 
Blank = Initial Release 
14 = First Revision 
(May require different 
programmer revisions) 


OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 


h. PACKAGE TYPE 


P = 24-Pin 300-mil Plastic 
SKINNYDIP (PD3024) 

J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations and to 
check on newly released combinations. 


Note: Marked with AMD logo. 
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PALCE20V8 


URVERING INFORMATION 
APL Products 
AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 


(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: 


a. Family Type 

b. Technology 

c. Number of Array Inputs 
d. Output Type 

e. Number of Flip-Flops 


PAL CE 20 V 8H -20 









a. FAMILY TYPE 
PAL= Programmable Array Logic 


b. TECHNOLOGY 
CE = CMOS Electrically Erasable 


c. NUMBER OF 
ARRAY INPUTS 





d. OUTPUT TYPE 
V = Versatile 


e.. NUMBER OF FLIP-FLOPS 


f. POWER 
H = Half Power (90 mA Icc) 


g. SPEED 
-20 = 20nstpp 
-25 25 ns tpp 











Valid Combinations 


PALCE20V8H-20 | 


Blank, | BL, /B3A | 
PALCE20V8H-25 E4 
Group A Tests 


Group A tests consist of subgroups 1, 2, 3, 7, 8, 9, 10 and 11. 









Military Burn-in 


f. Power 

g. Speed 

h. Programming Designator 
i. Device Class 

j. Package Type 

k. Lead Finish 


IBLA 


L k. LEAD FINISH 


A = Hot Solder Dip 


j. PACKAGE TYPE 
L = 24-Pin (300-mil) Ceramic 
SKINNYDIP (CD3024) 
3 = 28-Pin Ceramic Leadless 
Chip Carrier (CL 028) 


i, DEVICE CLASS 
/B = Class B 


h. PROGRAMMING DESIGNATOR 
Blank = Initial Release 
E4 = First Revision 
(May require different 
programmer revisions) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations and to ob- 
tain additional data on AMD’s standard military 
grade products. 


Note: Marked with AMD logo. 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 


Test conditions are selected at AMD’s option. 


PALCE20V8 
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FUNCTIONAL DESCRIPTION 


The PALCE20VS8 is a universal PAL device. It has eight 
independently configurable macrocells (MCo..MC7). 
Each macrocell can be configured as a registered out- 
put, combinatorial output, combinatorial |/O, or dedi- 
cated input. The programming matrix implements a pro- 
grammable AND logic array, which drives a fixed OR 
logic array. Buffers for device inputs have complemen- 
tary outputs to provide user-programmable input signal 
polarity. Pins 1 and 13 serve either as array inputs or as 
clock (CLK) and output enable (OE) for all flip-flops. 


Unused input pins should be tied directly to Vcc or GND. 
Product terms with all bits unprogrammed (discon- 
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 


The programmable functions on the PALCE20V8 are 
automatically configured from the user’s design specifi- 
cation, which can be in a number of formats. The design 





specification is processed by development software to 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user’s desired function. 


The user is given two design options with the 
PALCE20V8. First, it can be programmed as an emu- 
lated PAL device. This includes the PAL20R8 Series 
and most 24-pin combinatorial PAL devices. The PAL 
device programmer manufacturer will supply device 
codes for the standard PAL architectures to be used 
with the PALCE20V8. The programmer will program the 
PALCE20V8 to the corresponding PAL device architec- 
ture. This allows the user to use existing standard PAL 
device JEDEC files without making any changes to 
them. Alternatively, the device can be programmed 
directly as a PALCE20V8. Here the user must use the 
PALCE20V8 device code. This option provides full utili- 
zation of the macrocelils, allowing non-standard archi- 
tectures to be built. 


To 
Adjacent 
Macrocell 





{_jvo, 
From 

Adjacent 

“SG1 SLO, Pin 
* In Macrocell MCo and MC7, SG1 is replaced by SGO on the feedback multiplexer. 
12197-004A 
PALCE20V8 Macrocell 
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Contiguration Options 


Each macrocell can be configured as one of the follow- 
ing: registered output, combinatorial output, combinato- 
rial I/O or dedicated input. In the registered output con- 
figuration, the output buffer is enabled by the OE pin. In 
the combinatorial configuration, the buffer is either con- 
trolled by a product term or always enabled. In the dedi- 
cated input configuration, the buffer is always disabled. 
A macrocell configured as a dedicated input derives the 
input signal from an adjacent I/O. 


The macrocell configurations are controlled by the con- 
figuration control word. It contains 2 global bits (SGO 
and SG1) and 16 local bits (SLOo through SL0O7 and SL 10 
through SL17). SGO determines whether registers will 
be allowed. SG1 determines whether the PALCE20V8 
will emulate a PAL2OR8 family or a combinatorial de- 
vice. Within each macrocell, SLOx, in conjunction with 
SG1, selects the configuration of the macrocell and 
SL1x sets the output as either active low or active high. 


The configuration bits work by acting as control inputs 
for the multiplexers in the macrocell. There are four mul- 
tiplexers: a product term input, an enable select, an out- 
put select, and a feedback select multiplexer. SG1 and 
SLOx are the contro! signals for all four multiplexers. In 
MCo and MC7, SGO0 replaces SG1on the feedback multi- 
plexer. 


These configurations are summarized in table 1 and il- 
lustrated in figure 2. 


if the PALCE20V8 is configured as a combinatorial de- 
vice, the CLK and OE pins are available as inputs to the 
array. If the device is configured with registers, the CLK 
and OE pins cannot be used as data inputs. 


Registered Output Configuration 


The control bit settings are SGO = 0, SG1 = 1 and SLO, = 
0. There is only one registered configuration. All eight 
product terms are available as inputs to the OR gate. 
Data polarity is determined by SL1x. SL1x is an input to 
the exclusive-OR gate which is the D input to the flip- 
flop. SL1x is programmed as 1 for inverted output or 0 
for non-inverted output. The flip-flop is loaded on the 
LOW-to-HIGH transition of CLK. The feedback path is 
from Q on the register. The output buffer is enabled by 
OE. 


Combinatorial Configurations 


The PALCE20V8 has three combinatorial output con- 
figurations: dedicated output in a non-registered device, 
I/O in a non-registered device and I/O in a registered 
device. 


Dedicated Output in a Non-Registered 
Device 

The control settings are SGO = 1,SG1=0, andSL0,=0. 
All eight product terms are available to the OR gate. Be- 
cause the macrocell is a dedicated output, the feedback 
is not used. 


Dedicated Input in a Non-Registered 
Device 


The control bit settings are SGO = 1, SG1 = 0 and SLO, = 
1. The output buffer is disabled. The feedback signal is 
an adjacent I/O pin. 


Combinatorial I/O in a Non-Registered 
Device 


The control settings are SGO = 1, SG1 = 1, and SLO, = 1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used to enable the output 
buffer. The signal at the I/O pin is fed back to the AND 
array via the feedback multiplexer. This allows the pin to 
be used as an input. 


Combinatorial I/O in a Registered Device 


The control bit settings are SG0=0,SG1=1 and SLO, =1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used as the output enable. 
The feedback signal is the corresponding 1/O signal. 


Table 1. Macrocell Configurations 


SGO SG1 SLO, Cell Configuration Devices Emulated 
Device has registers 


Registered PAL20R8, 20R6, 
Output 20R4 
0. (1 1 Combinatorial 1O PAL20R6, 20R4 


Device has no registers 


Combinatorial PAL20L2, 
Output 18L4,16L6,14L8 
Dedicated Input PAL20L2,18L4, 
16L6 
PAL20L8 


























Combinatorial I/O 


Programmable Output Polarity 


The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save “DeMorganizing” 
efforts. 


Selection is made through a programmable bit SL1x 
which controls an exclusive-OR gate at the output of the 
AND/OR logic. The output is active high if SL1, is a 0 
and active low if SL1, is a 1. 
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Registered Active Low Registered Active High 





Combinatorial I/O Active Low Combinatorial !/O Active High 
Vec Voc 
Combinatorial Output Active Low Combinatorial Output Active High 


—< <I Adjacent I/O pin 


Dedicated Input 


12197-012A 


Figure 2. Macrocell Configurations 
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rOWGi-Up Nese 

All flip-flops power up to a logic LOW for predictable sys- 
tem initialization. Outputs of the PALCE20V8 depend on 
whether they are selected as registered or combinato- 
rial. If registered is selected, the output will be HIGH. If 
combinatorial is selected, the output will be a function of 
the logic. 


Register Preload 


The register on the PALCE20V8 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load- 
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 


Security Bit 


Asecurity bit is provided on the PALCE20V8 as a deter- 
rent to unauthorized copying of the array configuration 
patterns. Once programmed, this bit defeats readback 


of ine programmed pattern by a device programmer, 
securing proprietary designs from competitors. How- 
ever, programming and verification are also defeated by 
the security bit. The bit can only be erased in conjunction 
with the array during an erase cycle. 


Electronic Signature Word 


An electronic signature word is provided in the 
PALCE20V8. It consists of 64 bits of programmable 
memory that can contain any user-defined data. The 
signature data is always available to the user independ- 
ent of the security bit. 


Programming and Erasing 


The PALCE20V8 can be programmed on standard logic 
programmers. Approved programmers are listed in the 
Programmer Reference Guide. 


The PALCE20V8 may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 





PALCE20V8 


2-175 


LOGIC DIAGRAM 


SKINNYDIP (PLCC and LCC) Pinouts 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature Temperature (Ta) Operating 

with Power Applied -55°C to +125°C in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground —0.5 Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage “0.5 V to Vcc + 0.5 V Operating ranges define those limits between which the func- 
DC Output or tionality of the device is guaranteed. 

I/O Pin Voltage —0.5V to Vcc + 0.5V 

Static Discharge Voltage 2001 V 

Latchup Current 

(Ta = 0°C to +75°C) 100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter | | | 
Symbol Parameter Description Test Conditions 
alt Output HIGH Voltage low =—-3.2MA Vin= Vin or Vit 


Vcc = Min. 


VoH | 

VoL Output LOW Voltage lo. =24mMA Vin=Vunor Vit 
Vcc = Min. 

Vin | 

Vi 








2.4 


eo) 


Input HIGH Voltage Guaranteed Input Logical HIGH 2 
— a Voltage for all Inputs (Note 1) 
| Input LOW Voltage Guaranteed Input Logical LOW 
SE inn a Voltage for all Inputs (Note 1) 
Vin =0'V, Veo = Max. (Note 2) 


loZH Off-State Output Leakage Vout = 5.25 V, Vcc = Max. 
Current HIGH Vin = Vin or Vit (Note 2) 

loz Off-State Output Leakage Vout = 0 V, Vcc = Max. 
Current LOW Vin = Vin or Vit (Note 2) 
Output Short-Circuit Current | Vout = 0.5 V, Vcc = Max. (Note 3) —30 


loc | Supply Current | Vin= 0 V, Outputs Open (lout = 0 mA) 
Vcc = Max., f = 15 MHz 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


— = 
oO | On 
< | 


= 


| 
—_ 
Oo 


LA 
oO 





2. WVOpin leakage is the worst case of ly, and lozt (or liq and lozn). 


3. Not more than one output should be shorted at atime and duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter | 
Symbol Parameter Description Test Conditions Typ. 
5 | PF 


Input Capacitance Vin =2.0V | Voc =5.0V, Ta = 25°C, EE aoe pF 
Output Capacitance Vout = 2.0 V | f= 1 MHz Ee pe 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
| Parameter 
| 
| tw | | 
MAX 


Frequency 
oles) No Feedback _ 
| tex | OE to OutputEnable 
| tex | OEtoOurpurDisable 
|__tea__| Input to Output Enable Using Product Term Control_| 

















—_ 
fn] 
— 
NO 


Pa a 
eee ee ea 


25 | | 46 | | MHz 


a) 





| 
Setup Time from input or Feedback to Clock 12 fT 15 | 
Ttco | Clock to Output 
Clock Width 
HIGH 





[tro __| Input or Feedback to Combinatorial Output 
ae 
ty . 
tco_ 
| 
twWH 
tpxz | 
| | 25 | ons 
_ten ee 


D lon 
on 
ond 6 lem, 
ala 
ro 
O 


| ten | Input to Output Disable Using Product Term Control 


Notes: 
2. See Switching Test Circuit for test conditions. 


3. Calculated from measured fyax internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M) Devices (Note 1) 

Ambient Temperature Operating Case , : 
with Power Applied -55°C to +125°C Temperature (Tc) “55°C to +125°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground —0.5Vto +7.0V with Respect to Ground +4.5V to +5.5V 
DC Input Voltage -0.5 V to Vcc +0.5V Operating ranges define those limits between which the func- 
DC Output or 1/O tionality of the device is guaranteed. 

Pin Voltage -0.5V to Vcc +0.5V 

Static Discharge Voltage 2001 V Note: 

Latchup Current 1. Military products are tested at Tc = +25°C, +125°C 
(To = —55°C to +1 25°C) 100 mA and —55°C, per MIL-STD-883. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 


(Note 2) 
Parameter 
| Symbol Parameter Description Test Conditions _ | 
Output HIGH Voltage lon = —2.0MA Vin = Vin or Vir 2.4 V 
| Voc = Min. 


: 
Vin | Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 V 
Voltage for all Inputs (Note 3) 
BA 











Output LOW Voltage loo=12mMA Vin=Vinor Vit eiakg 
Voc = Min. 
Input LOW Voltage Guaranteed Input Logical LOW V 
Vin=55V,Voo=Max (Notes) | | 10 | nA | 
[input LOW Leakage Current | Vw=0V, Voc =Max.(Note4) [| 10 | HA 


os | 1 
lozH Off-State Output Leakage Vout = 5.5 V, Vcc = Max. 40 A 
Current HIGH Vin = Vin or Vit (Note 4) H 
-40 


SS 


| loz. | Off-State Output Leakage | Vout = 0 V, Vcc = Max. WA 
| Current LOW Vin = Vin or Vit (Note 4) | 
fe eee ar 


Output Short-Circuit Current Vout = 0.5 V, Voc = Max. (Note 5) | -30 |-130 | ma | 
Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) 1 mA 
| Vcc = Max., f= 15 MHz —— | 
Notes: 
2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 


3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vi_ and Vin are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. \/O pin leakage is the worst case of Ii, and loz, (or fiw and lozy). 


5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected. 
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CAPACITANCE (Note 1) 





Input Capacitance Vin =2.0V | Vcc=5.0V, Ta = 25°, 
Output Capacitance Vout = 2.0 VV] f = 1 MHz 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 


Parameter | =-200 | 25 
Symbol Parameter Description 


Min. | Max. | Min. | Max. | 
[too __| Inputor Feedback to Combinatorial Output ———s| | «20 «| | 28 
[ts __| Setup Time trom input or FeedbacktoClock | 15 | | 15 | 
[tu _[Holdtime(Notes) SS t~—<“—=‘t;*~*é*sTSCéiSC*dE‘C‘“(S$#$«*S[_ 0 [| 
| tco | Clocktooutput Tt | tots 
[tor _| ClocktoFeedback (Notes) S| SCT (3 (| SSS] st | sons 
om joo en ColfhnSS”™”™~—‘“—*™S™!™C~C OM ]CdSéC(‘SSSTSS*é‘d;#=éAns * 
Pereie [External Feedback| t/ts+tco) | 33.3 | | 2a6| [| muz | 
Frequency [internal Feedback |1(ts+tor) | 35.7 |_| 303 | | MHz_ 
pele) [No Feedback [1/(twastw) | 41.7] | 33.3] | MHz | 


|__tezx | OEtoOutputEnable (Notes) fT 20 | 20 ns 
|__texz | OEto Output Disable (Notes) | 20 || 20 ns 


Input to Output Enable Using Product 20 25 ns 
| Term Control (Note 5) __ | | 
| Input to Output Disable Using Product 20 25 
| Term Control (Note 5) | | | 


Notes: 


2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 


3. Calculated from measured fmax internal. 






















4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


g 
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SWITCHING WAVEFORMS 


Input or : 
Feedback 


Clock 


Registered 
Output 





12015-012A 
Registered Output 


CLK 


Input 


Output 





12015-013A 


Input to Output Disable/Enable 





12015-014A 


OE to Output Disable/Enable 


Input or 
Feedback VT 
tpD 
Combinatorial 
Output vs 
12015-010A 
Combinatorial Output 
ts + tcrF 
Clock VT 
12149-025A 
Clock to Feedback (fax Internal) 
See Path at Right 
tWH 
Clock VT VT 
tWL 
12015-011A 
Clock Width 
OE 
Output 
Notes: 
1. Vr=1.5V 


2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 
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KEY 10 SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 


Change Changing 
from L to H from L to H 


Don't Care; Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 

Apply Line is High- 
Impedance 
“Off” State 


5VO-—-—0 
S1 
Ry 
Output 
R 
L* | 


12197-007A 
Switching Test Circuit 


| enlaly Measured 
Specification o [| me | m& | Fa |  OutputValue 





KS000010-PAL 





SWITCHING TEST CIRCUIT 











tpzx, tEA | 2—H: Open 50pF | 2002 | 3902 |} 2002 | 390 15V 
| | Z — L: Closed | | | 
tpxz, ter H — Z: Open 5pF | 2002 | 3900 | 2002 | 390 H —+Z: Von -0.5 V 
L —Z: Closed L—>2Z:Vo_r+05V 
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ENDURANCE CHARACTERISTICS 


The PALCE20V8 is manufactured using AMD’s ad- parts. As a result, the device can be erased and 
vanced electrically erasable process. This technology reprogrammed — a feature which allows 100% testing at 
uses an EE cell to replace the fuse link used in bipolar the factory. 


Years “Max. Storage 
Temperature 
Years Max. Operating 
Temperature (Military) 
Cycles Normal Programming 
Conditions 


Endurance Characteristics 


Min. Pattern Data Retention Time 


i Min. Reprogramming Cycles 


INPUT/OUTPUT EQUIVALENT SCHEMATICS 

















Vcc 


ESD _ Program/Verify = 
Protection Circuitry 


Typical Input 





Preload Feedback 
= Circuitry Input 


Typical Output 
12197-013A 
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AICP RIST HErRrieTerwp MMi OArT 
WW EP UW! PLA ELL Phe WP 







The Preload function allows the registers to be loaded 5. Clock pin 1 from Vit to Vin. 
from the output pins. This feature aids functional testing 6. Remove Vi/Vin from ail registered outputs. 
of Sequential designs by allowing direct setting of output 7. Enable the output registers by lowering OE. 
states. The procedure is as follows. 8. Lower pin 8 to Vi/Vin. 
1. Raise Vcc to 5.0V+0.5 V. 9. Verify for VoL/Von at all registered output pins. 
2. Set pin 8 to Vetp. Note that the output pin signal will be the inverse 
3. Set OE HIGH. of the preload data. 
4. Apply the desired value (Vi/Vin) to all registered 
output pins. Leave combinatorial output pins 
floating. 
| Parameter | | | | | | 
Symbol Parameter Description Unit 
Setup and Hold Time from Preload (pin 8) to OE | 50 | 50 {| {us | 
Re ee a ee 






us 
a 
2 
13.5 | 14.0 
5.0 
Pos | v_ 


[tes] Setup Time fromOEtoDaia 
i0 
[avict | Veto Falling Siew Rate (ping) SSS 

30 
2.4 
[Var | Low-Level nputVotage —=SSSC~—~—“—~“~“~*~*~*~wYSC‘i 








Pin 8 


ViLP 


VIHP 


VILP 


VIHP 
VOH 
VOL 
ViLP 


Registered 
Output 


Clock VIHP 


VILP 


12015-015A 


Output Register Preload Waveform 
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POWER-UP RESET 


The PALCE20V8 has been designed with the capability 
to reset during system power-up. Following power-up, 
all flip-flops willbe reset to LOW. The output state will be 
HIGH independent of the logic polarity. This feature pro- 
vides extra flexibility to the designer and is especially 
valuable in simplifying state machine initialization. A 
timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset 






Parameter | — 
Symbol Parameter Description | 


| _ter | Power-Up Reset Time | 10 | a 

Fo ts | ‘Input or Feedback Setup Time See = a 
| witchi aracteristics | 

Clock Width LOW g ; 


and the wide range of ways Vcc can rise to its steady 
state, two conditions are required to insure a valid 
power-up reset. These conditions are: 


1. The Vcc rise must be monotonic. 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 










Power 


tpr 


Registered 
Output 


Clock 


ts 


12197-O009A 


Power-Up Reset Waveforms 
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 COM’L: A/B/-20/AL 


PAL20X10A Series 
AmPAL20L10B/-20/AL 


XOR Registered 24-pin TTL Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 
m@ XOR gates on registered outputs 


" Efficient implementation of counters 


@ Popular 24-pin architectures: 20L10, 20X10, 
20X8, 20X4 


@ Programmable replacement for high-speed 
TTL logic 
= Power-up reset for initialization 


GENERAL DESCRIPTION 


The PAL20X10A Series offers Exclusive-OR gates pre- 
ceding each flip-flop. The XOR gate combines two sum 
terms, each composed of two product terms. This extra 
level of logic is very efficient for counter applications. 


The combinatorial member of the family, the PAL20L10, 
offers three product terms per output with no XOR gate. 
A fourth product term provides the enable term. While 
the registered devices are offered in only one perform- 
ance option, the 20L10 is offered in four performance 
grades. Note that three of these options follow the “old” 
AMD part numbering system while the fourth follows the 
“old” MMI part numbering system, as do the registered 
devices. 


The family utilizes Advanced Micro Devices’ advanced 
bipolar process and fuse-link technology. The devices 
provide user-programmable logic for replacing conven- 
tional SSI/MSI gates and flip-flops at a reduced chip 
count. 


The family allows the systems engineer to implement 
the design on-chip, by opening fuse links to configure 
AND and OR gates within the device, according to the 
desired logic function. Complex interconnections be- 
tween gates, which previously required time-consuming 
layout, are lifted from the PC board and placed on sili- 
con, where they can be easily modified during prototyp- 
ing or production. 


PRODUCT SELECTOR GUIDE 





AmPAL20L10B 

AmPAL20L10-20 
AmPAL20L10AL 
PAL20L10A 













PAL, PALASM, and SKINNYDIP are registered fradoriare of Advanced Micro Devices. 
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MIL: A 


DEDICATED PRODUCT TERMS/ _ | 
DEVICE INPUTS _| OUTPUTS OUTPUT FEEDBACK ENABLE 


210 
8 comb. prog. 165 | 
2 comb. prog. 105 
165 
LE a RS CTS 
2 comb. VO prog. 
PAL20X4A eee 4, xR reg. pin 30 | 180 
6 comb. VO Drog. 






This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 





cr 


Advanced 
Micro 
Devices 


@ Register preload for testability 

Easy design with PALASM® software 
Programmable on standard PAL® device 
programmers 


@ 24-pin SKINNYDIP® and 28-pin PLCC 
packages Save space 


The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. In addition, the PAL device provides the follow- 
ing options: 


— Variable input/output pin ratio 
- Programmable three-state outputs 
— Registers with feedback 


Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Registers consist of D-type flip-flops that are 
loaded on the LOW-to-HIGH transition of the clock. Un- 
used input pins should be tied to Vcc or GND. 


The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro- 
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod- 
ules. See the Programmer Reference Guide for ap- 
proved programmers. Once the PAL device is pro- 
grammed and verified an additional fuse may be opened 
to prevent pattern readout. This feature secures proprie- 
tary circuits. 






A <A TV 













Publication # 10303 Rev. B Amendment/0 





| issue Date: January 1990 





BLOCK DIAGRAMS 


PAL20L10 
Inputs 











Programmable 












AND Array 
(40 x 40) 
@ | ¥S @ Ve g Ve E) ma S VO S VO 8 VW (Sy Ve @ Bs 
va y, vi y, I vt} yt y J J 
O; 1/02 1/03 1/04 /O5 1/06 1/07 1/Og /Og O10 
10303-001A 
PAL20X10 oo 
CLK Inputs OE 
\/ g y 
10° 
Y, M Y, 
Programmable 
AND Array 
(40 x 40) 
10303-002A 
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BLOCK DIAGRAMS 


PAL20X8 = 
CLK Inputs OE 
g 3 8 


Programmable 
AND Array 
(40 x 40) 





Nie} 
Ly 


ce nie 
\/ 








1/0; O2 O3 
10303-003A 
PAL20X4 
CLK Inputs OE 
/ @ y 


Programmable 
AND Array 
(40 x 40) 


ee Ca 


Pai ab aie & 








J v, wA 
0; /O2 1/03 O4 Os O65 O7 /Os /Og O10 


10303-004A 
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CONNECTION DIAGRAMS 
Top View 
SKINNYDIP/FLATPACK PLCC (except AMPAL20L10) 
















(Note 1) | | te 24[ | Voc af c 
ly 2 23 [__] (NOTE 12) oo + 232 2 
is 3 22 |__| (NOTE 11) SE 
Is ‘ ait) MO nc(_]5 : 25 [_] (NOTE 10) 
- 5 20 |__| (NOTE 9) laf 16 24 [] (NOTE 9) 
Is S18 vou IsL_}7 23 [] (NOTE 8) 
Vg q (NOTE 7) nef] 8 22 = (NOTE 7) 
- 8 171 | (NOTE 6) is_|9 211] (NOTE 6) 
| 9 16 | | (NOTE 5) I7[ J10 20 [] (NOTE 5) 





ly 15 |_| (NOTE 4) NCL} 11 19{] NC 
io Ct (NOTE 9) TULILILIL 
GND [| 12 (NOTE 2) oo 29NR SF 
-~— = — 2ow wow 
"555 
10303-005A ee 10303-006A 
PLCC 


AmPAL20L10 only 





10303-007A 


(NOTE 11) 





NC 
(NOTE 10) 


PIN DESIGNATIONS 


(NOTE 9) 





CLK Clock ae, 
GND Ground oe 
: pt (NOTE 6) 
/O Input/Output eee 
NC No Connect 

O_ Output ee ee 

OE Output Enable Se) oe q i i 2 

Voc Supply Voltage 222 


10303-008A 


Note: 
Pin 1 is marked for orientation. 
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ORDERING INFORMATION 
Commercial Products (MMI Marking Only) 


AMD commercial programmable logic products are available with several ordering options. The order number (Valid 
Combination) is formed by a combination of: Family Type 

. Number of Array Inputs 

Output Type 

. Number of Outputs 

Speed 

Operating Conditions 

. Package Type 

. Optional Processing 


a> ik 


PAL 20 X 10ACNS 





a. FAMILY TYPE 
PAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


c. OUTPUT TYPE 


h. OPTIONAL PROCESSING 
Blank = Standard Processing 


g. PACKAGE TYPE 











X = XOR Registered NS = 24-Pin 300-mil Plastic 

L = Active-Low Combinatorial si Sa ai aa 

= 28-Pin Plastic Leade 

d. NUMBER OF OUTPUTS Chip Carrier (PL 028) 
JS = 24-Pin 300-mil Ceramic 

e. SPEED SKINNYDIP (CD3024) 


A = 30nstpp 


f. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 





Valid Combinations 
PAL20L10A 
PAL20X10A 


CNS, CNL, 
PAL20X8A CJS 
PAL20X4A 







Note: Marked with MMI logo. 
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ORDERING INFORMATION 
Commercial Products (AMD Marking Only) 


AMD commercial programmable logic products are available with several ordering options. The order number (Valid 
Combination) is formed by a combination of: Family Type 

Number of Array Inputs 

Output Type 

Number of Outputs 

Speed 

Power 

Package Type 

Operating Conditions 

Optional Processing 


“sam PaO oD 


AmPAL 20 L10AL PC 





a. FAMILY TYPE 
AmPAL = Programmable Array Logic 





b. NUMBER OF i. OPTIONAL PROCESSING 
ARRAY INPUTS Blank = Standard Processing 

c. OUTPUT TYPE h. OPERATING CONDITIONS 
L = Active-Low Combinatorial C = Commercial (0°C to +75°C) 





g. PACKAGE TYPE 
P = 24-Pin 300-mil Plastic 
SKINNYDIP (PD3024) 


d. NUMBER OF OUTPUTS 





e. igo ~ J = 28-Pin Plastic Leaded 
= SPD Chip Carrier (PL 028) 
B = 15 nstpp D = 24-Pin 300-mil Ceramic 
A = 25nstpp SKINNYDIP (CD3024) 
f. POWER 





Blank = Full Power (165—210 mA Icc) 
L = Low Power (105 mA Icc) 










Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 


Valid Combinations 


| AmPAL20L10 | B,-20,] PC, JC, 
| AL DC 


Note: Marked with AMD logo. 
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ORDERING INFORMATION 
APL Products 


AMD programmable logic products for Aerospace and Defense applications are available with several ordering op- 
tions. APL (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number 


(Valid Combination) is formed by a combination of: 


a. FAMILY TYPE 

PAL = Programmable Array Logic 
b. NUMBER OF 

ARRAY INPUTS 
c. OUTPUT TYPE 

X = XOR Registered 

L = Active-Low Combinatorial 
d. NUMBER OF OUTPUTS 
e. SPEED 

A = 35nstpp 
f. OPERATING CONDITIONS 


M= Military (-55°C to +125°C) 










Group A Tests 


Valid Combinations 







MJS/883B, 
MW/883B, 
ML/883B 


a. Family Type 

b. Number of Array Inputs 
. Output Type 

. Number of Outputs 
Speed 

Operating Conditions 

. Package Type 

. Device Class 


sTQa mo a0 


PAL 20 X 10A M JS /883B 


LL 










availability of 







DEVICE CLASS 

/883B= Class B 

PACKAGE TYPE 

JS = 24-Pin 300-mil Ceramic 
SKINNYDIP (CD3024) 

W = 24-Pin Ceramic Flatpack 
(CFLO24) 

L = 28-Pin Ceramic 
Leadless Chip Carrier 
(CL 028) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 


specific valid combinations, to 


check on newly released combinations, and to 
obtain additional data on AMD’s standard military 
grade products. 


Note: Marked with MMI logo. 


Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 


Military Burn-in 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A 
through E. Test conditions are selected at AMD’s option. 
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FUNCTIONAL DESCRIPTION 


Four different devices are available in the 20X10 Series, 
including both registered and combinatorial devices. All 
parts are produced with a fuse link at each input to the 
AND gate array, and connections may be selectively re- 
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo- 
rithm, these products can be rapidly programmed to any 
customized pattern. Information on approved program- 
mers can be found in the Programmer Reference Guide. 
Extra test words are pre-programmed during manufac- 
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 


Variable Input/Output Pin Ratio 


The registered devices have ten dedicated input lines, 
and each combinatorial output is an I/O pin. The 20L10 
has twelve dedicated input lines, and only eight of the 
ten combinatorial outputs are |/O pins. Buffers for de- 
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vcc or GND. 


Programmable Three-State Outputs 


Each output has a three-state output buffer with three- 
state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a 
function of any product of device inputs or output feed- 
back. The combinatorial output provides a bidirectional 
I/O pin, and may be configured as a dedicated input if 
the buffer is always disabled. On registered outputs, an 
input pin controls the enabling of the three-state outputs. 


Registers with Feedback 


Registered outputs are provided for data storage and 
synchronization. Registers are composed of D-type flip- 
flops that are loaded on the LOW-to-HIGH transition of 
the clock input. 


Power-Up Reset 


All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PAL20X10A Series 
will be HIGH due to the active-low outputs. The Vcc rise 
must be monotonic and the reset delay time is 1000 ns 
maximum. 


Register Preload 


The register on the PAL20X10A Series can be 
preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature 
allows direct loading of arbitrary states, making it unnec- 
essary to cycle through long test vector sequences to 
reach a desired state. In addition, transitions from illegal 
states can be verified by loading illegal states and ob- 
serving proper recovery. 
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Security Fuse 


After programming and verification, a PAL20X10 Series 
design can be secured by programming the security 
fuse. Once programmed, this fuse defeats readback of 
the internal programmed pattern by a device program- 
mer, securing proprietary designs from competitors. 
When the security fuse is programmed, the array will 
read as if every fuse is intact. For the AMPAL20L10, the 
array will read as if every fuse is programmed. 


Pinouts 


All members of the PAL20X10 Family have the same 
SKINNYDIP pinouts independent of technology, per- 
formance, and operating conditions. Because the 
24-pin SKINNYDIP requires four no-connects when 
mapped into the 28-pin PLCC/LCC packages, the 
PLCC/LCC pinouts can vary. 


Two different PLCC pinouts are offered. The 
AmPAL20L10 and all future devices will follow the 
JEDEC electronics committee’s standard pinout 
(“JEDEC pinout”) with no-connects on pins 1, 8, 15, and 
22. The older PAL20X10A Series devices retain their 
Original pinouts, with no-connects on pins 5, 8, 11, and 
19. 


A different LCC pinout is offered for military prod- 
ucts. The older PAL20X10A Series devices retain their 
original pinouts, with no-connects on pins 4, 11, 18, and 


25. 
PLCC 


AmPAL20L10 1 Ble 


Com’! 


ca 


B/-20/AL 


PAL20X10A Series | 5, 8, 11, 19 4,11, 18, 25 
(inc. PAL20L10A) 


Quality and Testability 


The PAL20X10 Series offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro- 
gramming yields and post-programming functional 
yields in the industry. 


Technology 


The PAL20X10A Series is fabricated with AMD’s ad- 
vanced junction-isolated bipolar process. The array 
connections are formed with proven TiW fuses for reli- 
able operation. 


The AmPAL20L 10 is fabricated with the IMOX™ oxide- 
isolated bipolar process using proven PtSi fuses. 
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LOGIC DIAGRAM 


SKINNYDIP (PLCC, PAL20L10A only) Pinouts 


See Connection Diagrams for LCC and AmPAL20L10 PLCC Pinouts 
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LOGIC DIAGRAM 


SKINNYDIP (PLCC) Pinouts 


See Connection Diagrams for LCC Pinout 
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LOGIC DIAGRAM 


SKINNYDIP (PLCC) Pinouts 


See Connection Diagrams for LCC Pinout 
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LOGIC DIAGRAM 


SKINNYDIP (PLCC) Pinouts 


See Connection Diagrams for LCC Pinout 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied -55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground —0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —1.5 V to Vec + 0.5 V 


Operating ranges define those limits between which the func- 
DC Output or I/O Pin Voltage -0.5 V to Vcc +0.5V tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat- 

ings may cause permanent device failure. Functionality at or 

above these limits is not implied. Exposure to Absolute Maxi- 


mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter | 
Symbol Parameter Description Test Conditions | 
Vou Output HIGH Voltage loo = —3.2 MA Vin = Vin Or Vit 2.4 
| | Vcc = Min. | | 
VoL Output LOW Voltage lor =24mMA  Vin= Vin or Vit 
| Vcc = Min. | 
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 
| 7 Voltage for all Inputs (Note 1) 
Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) — 

















in=—18™A, Voo=Min. 

[=250 | uA 
Current HIGH Vin = Vin or Vit (Note 2) 
Current LOW Vin = Vin or Vit (Note 2) 


Isc Output Short-Circuit Current Vout = 0.5 V, Voc = Max. 
(Note 3) 


Vin= 0 V, Outputs Open 
(lout = 0 mA), Vcc = Max. 














20X10A, 
20X8A, 
20X4A 






Supply Current 


q a 
Pt, ae 
© 
© 
E 


Notes: 


1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. I/O pin leakage is the worst case of IL and lozt (or liq and lozn). 

3. Not more than one output should be shorted at atime and duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 


Parameter 
Symbol | Parameter Description 
Input or Feedback to 20L10A, 20X8A, 
Combinatorial Output 20X4A 
| ts___| Setup Time from Input or Feedback to Clock 


| ty | Hold Time 
Clock to Output or Feedback 


| 
Pt | oe face 
ee Maximum 
Frequency 
Note 2 
ee ene 
Notes: 


1. See Switching Test Circuit for test conditions. 
2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M) Devices (Note 1) 

Ambient Temperature Ambient Temperature (Ta) 

with Power Applied -55°C to +125°C Operating in Free Air —59°C Min. 

Supply Voltage with Operating Case (Tc) 

Respect to Ground -0.5 Vto +7.0 V Temperature 125°C Max. 

DC Input Voltage -15V to5.5V Supply Voltage (Vcc) 

DC Output or /O Pin Voltage -0.5V to5.5V with Respect to Ground +4.50 V to +5.50 V 
Stresses above those listed under Absolute Maximum Rat- Operating ranges define those limits between which the func- 


ings may cause permanent device failure. Functionality at or tionality of the device is guaranteed. 


above these limits is not implied. Exposure to Absolute Maxi- 

mum Ratings for extended periods may affect device reliabil- Note: 
ity. Programming conditions may differ. Absolute Maximum - = : F 
Ratings are for system design reference; parameters given 1. Military products are tested at Tc = +25°C, +125°C, 


iN Loe over MILITARY operating ranges unless otherwise specified 
Note 2 | 


Parameter | | 

Symbol Parameter Description Test Conditions — | | 

Vou Output HIGH Voltage loo =—-2 MA Vin= Vin or Vit 2.4 

| Vcc = Min. | 
VoL | Output LOW Voltage lo.=12MA Vin=Vun or Vit 
Vcc = Min. 
Vin Input HIGH Voltage | Guaranteed Input Logical HIGH 2.0 
| Voltage for all Inputs (Note 3) 

Vit Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 3) 


Cc 









0.5 | 


0. 


19-2) 


Input Clamp Voltage lin = —18 MA, Vcc = Min. | —1, 


_ 
OO 


Input HIGH Current Vin = 2.4 V, Vec = Max. (Note 4) _ | 
| Input LOW Current Vin = 0.4 V, Vcc = Max. (Note 4) | 


| 
nh 
or] 
PLOT 


Maximum Input Current | VIN =55 V, Vcc = Max. | | 
1OZH Off-State Output Leakage Vout = 2.4 V, Vcc = Max. 
| __| Current HIGH Vin = Vin or Vit (Note 4) 


loz. Off-State Output Leakage Vout = 0.4 V, Voc = Max. 
Current LOW Vin = Vin or Vit (Note 4) 


Output Short-Circuit Current | Vour = 0.5 V, Voc = Max. (Note 5) 


Notes: 


2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 
3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vit and Vi are absolute voltages with 


respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. W/O pin leakage is the worst case of I, and lozz (or liq and Iozx). 
5. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 







— 
© 
>) 





i 
Ww 
oO 





















20X10A, 
= 20X8A, 
Supply Current Vin= 0 V, Outputs Open | Baas a 


(lout = 0 mA), Vcc = Max. 


| 
o | 
| 
— 
© 
© 
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SWITCHING CHAHAC TERISTICS Over MILIIAHY operating ranges (Note 1) 


Parameter 2 
Symbol Parameter Description 
Input or Feedback to 20L10A, 20X8A, 
Combinatorial Output 20X4A 
| ts _| Setup Time from Input or Feedback to Clock 
| Hold Time 
Clock to Output or Feedback 
a PO 

twa | Clock Width THIGH 
Maximum External Feedback | 1/(ts + tco) 
Frequency 
Note 2). No Feedback —_| 1/(twH + tw) 
OE to Output Enable (Note 3) | 
OE to Output Disable (Note 3) 


Input to Output Enable Using Product 

Term Control (Note 3) 

Input to Output Disable Using Product 
| Term Control (Note 3) 


Notes: 


1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 



















| 20L10A, 20X8A, 
20X4A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied 55°C to +125°C Operating in Free Air 0°C to +75°C 

Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground —0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage 0.5 V to +5.5 V Operating ranges define those limits between which the func- 
DC Output or I/O Pin Voltage  -0.5 V to Voc Max. tionality of the device is guaranteed. 

DC Input Current —30 mA to +5 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 


specified 
Parameter | | 
Symbol Parameter Description | Test Conditions | | 
VoH Output HIGH Voltage lox = -3.2 MA Vin = Vin or Vit 2.4 
| Voc = Min. | 
Output LOW Voltage lo. =24mMA  Vin= Vinor Vit 

| Vec = Min. 

Input HIGH Voltage 


Guaranteed Input Logical HIGH 
il nnn 
ae ies 






















Voltage for all Inputs (Note 1) 
IN= —18 mA, Vcc = Min. 












Voltage for all Inputs (Note 1) _ 
Guaranteed Input Logical LOW 
Input Clamp Voltage | 
Input HIGH Current 






ib ds ee 


= 


oS 
So 


uy 








@ 






Vin = 2.7 V, Voc =Max.(Note2) | | 
Input LOW Current | Vin = 0.4 V, Vcc = Max. (Note 2) 
lozH Off-State Output Leakage | Vout = 2.7 V, Vcc = Max. 
Current HIGH Vin = Vinor Vit (Note 2) 
lozt Off-State Output Leakage | Vout = 0.4 V, Vcc = Max. —100 
Current LOW | 
Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 3) | -30 | -90. 
| 20L10B 210 
Vin = 0 V, Outputs Open eT ae ee 
(lour = 0 MA) Vcc = Max. | 


Maximum input Current | Vin = 5.5 V, Voc _= Max. _ | Ree el 
| Vin = Vin or Vit (Note 2) 7 
20L10AL [| 105. 
















Supply Current 

















Notes: 


1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. I/O pin leakage is the worst case of Ii_ and lozz (or lid and lozn). 
3. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 

Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter | 
ee Parameter Sa ER Test Conditions 
Input Capacitance | Pins 1,13 | 13 Vin = 2.0 V 
Others _| 


Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 










SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Paramater ee res a 
Symbol Parameter Description 

Input or Feedback to _ 

Combinatorial Output 
Input to Output Enable Using 18 20 25 
Product Term Control 
Input to Output Disable Using 15 20 25 
Product Term Control 


Notes: 
2. See Switching Test Circuit for test conditions. 
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SWITCHING WAVEFORMS 








Input or Input or 
Feedback “ Feedback 
tPp 
Combinatorial Vr 
Output Clock 
12015-010A 
Combinatorial Output Registered 
Output VT 
12015-012A 
Registered Output 
WH Input 
Clock VT 
tWL Output 
12015-011A 
Clock Width 12015-013A 


Input to Output Disable/Enable 


OE 


Output 





12015-014A 


aleereeeeine 


OE to Output Disable/Enable 


Notes: 


1.Vp=#1.5V 
2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


Must be 
Steady 


May 
Change 
from Hto L 


May 
Change 
from L to H 


Don’t Care; 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 


Line is High- 


impedance 
“Off” State 








KS000010-PAL 


SWITCHING TEST CIRCUIT 
Vec 
S1 
R1 
Output Test Point 
; i ° 
an = 10303-013A 









| Commercial | Military uansured 
_ Specification pepe pe ta ite Output Value _ 
tpzx, tea ZH: Open 50 pF | 1 —— V | 
Z — L: Closed 2000 | 3902 | 3900 | 7500 
tpxz, ter H —Z: Open miaae 32: VoH-0.5V 
| L —+Z: Closed LZ: Vor +0.5V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 


Typical Input 


Voc 


Input 





12350-020A 


Program/Verify 
Circuitry 


Typical Output 


© Vcc 
40 Q NOM 
| > © Output 
| 3 | mee Program/Verify/ 
Pins | Test Circuitry 
Preload 
Circuitry 
\/ 
” 10303-014A 
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OUTPUT REGISTER PRELOAD 


The preload function allows the register to be loaded preload a LOW in the flip-flop. Leave combinatorial 
from the output pins. This feature aids functional testing outputs floating. 
of sequential designs by allowing direct setting of output 


states. The procedure for.preloading follows. . Lower pin 10 to Vip. 


1. Raise Vcc to Vccu. . Remove Vite/Vinp from all registered output pins. 


2. Set OE to Vinp to disable output registers. . Lower OE to Vip to enable the output registers. 


oN OO 


. Verify Voi/Voun at all registered output pins. Note that 
because of the output inverter, a register that has 
4. Apply either Vine or Vicp to all registered outputs. Use been preloaded HIGH will provide a LOW at the 
Vinp to preload a HIGH in the flip-flop; use Vi_p to output. 


Parameter 
Symbol Parameter Description 


| VA Super-level input voltage 
Low-level input voltage 0) de 0 Oe 
High-level input voltage 55 
Power supply during preload Ras lee es 


Delay time 


3. Raise pin 10 to Vu to enter preload mode. 































BE . ——-  ViHP 
VILP 
—— VHH 
Pin 10 
ViLP 
Registered | Ss \ VOH 
Output . VoL 
| ~ To Vite 
10303-015A 


Output Register Preload Waveform 
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POWER-UP RESET 


The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will be HIGH due to the inverting output 
buffer. This feature is valuable in simplifying state ma- 
chine initialization. A timing diagram and parameter ta- 
ble are shown below. Due to the synchronous operation 
of the power-up reset and the wide range of ways Vcc 







4V 
Power 


Registered 
Active-Low 
Output 


Clock 


Symbol Parameter Description 
| ter | _Power-upResetTime = “ass C‘L:C( 
ts | Input or Feedback SeupTime 


can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 


1. The Vcc rise must be monotonic. 


2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed- 


back setup times are met. 


See Switching 
Characteristics 








Vcc 


ts 


tWe 
12350-024A 


Power-Up Reset Waveform 
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PAL22IP6-25 Advanced 
Interface Protocol Asynchronous Cell (IPAC) PAL® Device Devices 


DISTINCTIVE CHARACTERISTICS 


m PAL device optimized for asynchronous interface 
protocol applications 


@ High current driving capability—48 mA/64 mA 


m Six unique edge-activated flip-flops 
- Three edge-activated Set-Reset flip-flops (S-R) 
- Three edge-activated Dual-Toggle flip-flops (2-T) 


m@ Two Edge-Activated-inputs per flip-flop offer power- 
ful system benefits: 
- S-R: input rejects signals once triggered 
- 2-T: simultaneous edge-activated-inputs 
allowed 


= Product term steering feature enhances flexibility 


g@ Individual level-sensitive Preset and Clear for each 
flip-flop 


@ Programmable polarity for Edge-Activated Inputs (S, 
R, T, and T, 


GENERAL 


The PAL22IP6 Interface Protocol Asynchronous Cell (IPAC) 
PAL device contains two basic types of Edge-Activated-Input 
flip-flops. The first type of flip-flop is a new bistable structure 
known as the Dual-Toggle flip-flop (2-T). This bistable struc- 
ture simply reverses output state whenever an active edge 
occurs on either of the two input lines. The two inputs (T, and 
T,) are totally independent of each other. The second type of 
flip-flop is an edge-activated Set-Reset flip-flop (S-R). With 
the S-R flip-flop, an active edge on the Set input causes the 
flip-flop to go HIGH, and an active edge on the Reset input 


g@ Individually programmable Asynchronous 
Preset/Clear: 


- Both override all Edge-Activated-Inputs to a cell 
- Preset has higher priority than Clear 


m@ Flip-flops can be bypassed individually 


m Center V.,. and Ground pins to reduce ground 
bounce 


@ Special security fuse for design secrecy 
m Easy design with PALASM® software 


mg Programmable on standard PAL device 
programmers 


@ 24-pin SKINNYDIP® and 28-pin PLCC packages save 
space 


DESCRIPTION 
causes the flip-flop to go LOW. The PAL22IP6 has three sets 
of the S-R and 2-T macrocells, along with the PAL array for 
implementing logic functions. 


These flip-flops do not have a “data path”, which means they 
have no setup or hold time constraints. In addition, allofthe 
Edge-Activated-input polarities are programmable, which 
provides the user a choice of either rising or falling edge for 
each input. 


BLOCK DIAGRAM 


lo7is 


16 
VA 


PROGRAMMABLE 





MACROceLt | 


NN 
¢. VO M10, 


M0, 


This part is covered by various US and foreign patents owned by 
Advanced Micro Devices. PAL, PALASM, and SKINNYDIP are 
registered trademarks of Advanced Micro Devices. 
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GENERAL DESCRIPTION (Cont’d.) 


All of the flip-flops feature level-sensitive Asynchronous Pre- 
set (AP) and Asynchronous Clear (AC) inputs, which can 
override the Edge-Activated-Inputs. A HIGH logic level on the 
AP input of the flip-flop will cause the flip-flop to change to a 
logic 1 state asynchronously. Likewise, a HIGH logic level on 
the AC input of the flip-flop will cause the flip-flop to change to 
alogic 0 state asynchronously. The AP signalhas priority over 
the AC signal; if both are HIGH simultaneously, the flip-flop 
will be preset to a logic 1 state. The AP and AC functions are 
discussed in more detail later. The IPAC flip-flops feature the 
capability of receiving both Preset and Clear signals in any 
order, even simultaneously, with predictable results. The 
output registers can be bypassed individually to provide more 
design flexibility. The output registers also include 1/O feed- 
back to enhance state machine designs. 


The IPAC PAL device is fabricated using Advanced Micro 
Devices’ advanced MONOxX Ill process, which is a fully ion- 
implanted oxide-isolated stepper-aligned process. It provides 
high reliability, and high programming and functional yields. 
Special on-chip test circuits allow full AC, DC, and functional 
testing before programming. 


The PAL22IP6 can be programmed on standard PAL device 
programmers with appropriate programming modules and 
software configurations. Design development is supported by 
Advanced Micro Devices’ PALASM® software as well as by 
other programmable logic design tools available from third- 
party vendors. 





PAL22IP6-25 
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CONNECTION DIAGRAMS 


Top View 


SKINNYDIP 





968 03 968 03A 


PIN DESIGNATIONS 


| = Input 
VO = Input/Output 
Voc = Supply Voltage 
GND = Ground 
NC = No Connect 





ORDERING INFORMATION 
Standard Products 


AMD/MMI standard products are available in several packages. 

The order number (Valid Combination) is formed by a combination of: a. Device Number 
b. Speed/Power Option 
c. Package Type 
d. Operating Conditions 
e. Optional Processing 


PAL 22 IP 6 -25 P C 


a. PROGRAMMABLE e. PROCESSING 
ARRAY LOGIC blank = Standard 
ARRAY INPUTS d. OPERATING CONDITIONS 
OUTPUT TYPE C = Commercial (0°C to +75°C) 
c. PACKAGE TYPE 


IP = Interface Protocol 
P = Plastic SKINNYDIP (PD 3024) 
D = Ceramic SKINNYDIP (CD 3024) 
J = Plastic Leaded Chip Carrier (PL 028) 


NUMBER OF FLIP-FLOPS 








b. SPEED 
~25 = 25nst,, 


Valid Combinations 









The Valid Combinations table lists configurations planned to be supported in 
volume for this device. Consult the local AMD sales office to confirm availability 
of specific valid combinations, to check on newly released combinations, and to 
obtain additional data on AMD's standard military grade products. 

Note: marked with AMD logo. 


Valid Combinations 


PAL221P6-25 PC, DC, JC 
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FUNCTIONAL DESCRIPTION 

The PAL22IP6 has sixteen dedicated input lines and six 
programmable output macrocells with I/O pin feedback. Each 
macrocell has two Edge-Activated-Inputs and Asynchronous 
Preset and Clear inputs. The programming matrix imple- 
ments a programmable AND logic array, which drives a fixed 
OR logic array. 


The programmable functions in the PAL22IP6 are automati- 
cally configured from the user’s design specification. The 
design specification is processed by development software to 
verify the design and create aprogramming file. The file, once 
downloaded to a programmer, configures the device accord- 
ing to the desired function. 


Powerful 2-T and S-R Flip-Flops 


The PAL22IP6 has three positive edge-activated 2-T flip-flops 
and three positive edge-activated S-R flip-flops. Each flip-flop 
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has two Edge-Activated-Inputs with programmable polarity. 
These inputs are driven by an OR gate with up to nine product 
term inputs with product term steering. Each product term can 
have up to 22 inputs. The descriptions, macrocells, and 
function tables for both 2-T and S-R flip-flops are shown 
below. 


2-T Flip-Flop Description 


The 2-T flip-flop output will be toggled whenever a rising edge 
is applied to either of the two Edge-Activated-Inputs. Two 
rising edges between two inputs of the 2-T flip-flop can be 
totally asynchronous. Simultaneous rising-edge inputs will 
not cause metastability, and the flip-flop output will remain the 
same. 


© 





Figure 1a. IPAC 2-T Macrocell 


Input to Flip-flop 
T. BF 


| T, AP AC 


Hold 


Toggle on T, 


Toggle on T, 


Dual Toggle; No Change” 
Force Priority 1 


Force Priority 0 





Nomenclature 


T = rising-edge transition 

X = don’t care 

0 = logic zero 

1 = logic one 

t = states other than a rising-edge transition 
(either 0, 1, or falling-edge transition) 


* Simultaneous edge triggering of T,/T, is ALLOWED, and will result in 
the output not changing, or will produce a narrow pulse, depending on 


the timing lapse of the edges 


Table 1a. Edge-Activated 2-T Function Table 
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S-R Flip-Flop Description 


The S-R flip-flop will go HIGH after the first Set rising edge and 
will disregard the subsequent Set edges until a Reset signal 
is received. It will go LOW after the first Reset rising edge and ty 
will then disregard the subsequent Reset edges until the Set 
signal is received. The time lapse between the Set and Reset 
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Figure 1b. IPAC S-R Macrocell 


Nomenclature 


T = rising-edge transition 

X = don't care 

0 = logic zero 

1 = logic one 

t = states other than a rising-edge transition 
(either 0, 1, or falling-edge transition) 


Hold 


Reset to 0 on edge 


Set to 1 on edge 
Force Priority 1 


Force Priority 0 


Note: Set and Reset edge-activated inputs must be separated byt, , .., 
for output to change (refer to Special IPAC Timing Parameters). 
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Table 1b. Edge-Triggered S-R Function Table 
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active triggering edges on the device input should be greater 
in order to trigger on both inputs. If itis less than 
the second Edge-Activated-Input will not trigger the 


Programmable Edge-Activated-Input Polarity 


The Edge-Activated-Inputs of each macrocell are asynchro- 
nous with respect to each other, and the polarity of each 
triggering edge is independently programmable depending 
on the fuse on the input of the Exclusive-NOR gate. Since 
these inputs to each macrocell come from the programmable 
array, the flip-flops can be triggered independently. 


Product Term Steering 


Product term steering allows each pair of Edge-Activated- 
Inputs to allocate terms to one input or the other (not both). 
Each macrocell has a total of nine data product terms; thus, 
one Edge-Activated-Input can use zero to nine while the other 
has nine to zero (e.g., three and six). Product terms can not 
be shared between flip-flop inputs. If both Edge-Activated- 
Inputs need the same term, it must be created twice, once for 
each input. 





968 08 
Figure 2. IPAC PAL Device Product Term Steering 


Programmable Level-Sensitive Asynchronous 
Preset and Clear 


Each macrocell flip-flop has separate sum terms for Asyn- 
chronous Preset (AP) and Asynchronous Clear (AC). The 
Preset and Clear signals for all flip-flops are asynchronous 
and independently programmable. Both inputs are level- 
sensitive and override the Edge-Activated-Inputs. Preset 
forces the output to go HIGH, while Clear forces the output to 
go LOW. When both signals are asserted simultaneously, 
Preset will override Clear. The IPAC flip-flops provide the 
Capability to operate both Preset and Clear in any sequence, 
including simultaneously with predictable results. 


Note that for the IPAC PAL device, Asynchronous Preset and 
Asynchronous Clear are sum terms rather than product terms. 
Both Preset and Clear are controlled by independent OR 
gates with inverted inputs (Figure 3a). Since both the true and 
complement of every array input are available, the Preset and 
Clear equations can be written as a simple sum of device 
inputs and feedback. This allows more than one condition to 
force Preset and Clear, adding greater flexibility for the 
designer. Through DeMorganization, NAND gate control is 
also possible, as shown in Figure 3b. 
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Figure 3. 
IPAC PAL Device Asynchronous Preset and Clear 


/AB IC IA BIC 
968 09A&B 
Figure 3a. Figure 3b. 
1O.SETF = A+/B+C 1IO.SETF = /(/A*B*/C) 
OR Function DeMorganized Equivalent 


Registered or Combinatorial Outputs 


Each output of the PAL22IP6 includes an edge-activated flip- 
flop for data storage and synchronization. Any output can be 
configured to be combinatorial by selecting the multiplexer 
path that bypasses the output flip-flop. Bypass is automati- 
cally selected if requested in the design specification. The 
unprogrammed configuration is a registered I/O. 


Output Enable and High Current Bus Driver 


The flip-flop outputs can be enabled to present logic HIGH or 
logic LOW states, or can be disabled to provide a high- 
impedance state. Each output enable is independently pro- 
grammable by a dedicated product term. W/O pins I/O,, V/O,, 
VO, and VO, can drive up to 48 mA; I/O pins I/O, and I/O, can 
drive up to 64 mA. The high current output driving capability 
of the IPAC PAL device is designed to improve the perform- 
ance and density of three-state memory address/data drivers, 
clock drivers and bus-oriented drivers for most buses in the 
market. 


Security Fuse 


After programming and verification, a PAL22IP6 can be 
secured by programming the security fuse. Once pro- 
grammed, this fuse defeats readback of the internal pro- 
grammed pattern by a device programmer, securing proprie- 
tary designs from competitors. 


Quality and Testability 


The PAL22IP6 offers avery high level of built-in quality. Extra 
programmable fuses provide a means of verifying perform- 
ance of all AC and DC parameters. In addition, this verifies 
complete programmability and functionality of the device to 
provide the highest programming yields. 
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IPAC DESIGN RESTRICTION 


Overview 


The high-speed IPAC PAL device has one design restriction. 
On the S-R flip-flop, direct active-HIGH feedback from the 
output to the non-inverting R input will violate the timing 
requirements and the output will be unpredictable. The 
solution is to DeMorganize the R-input equation. 


Timing Requirement 


For the S-R flip-flop, active edges on S and R must be 
separated by at leastt, ., .,,,0 guarantee that the flip-flop will 
respond. If direct feedbackis used (Qis part of the S or R-input 
equation) then one input may follow the other by t,,,, the delay 
from input to registered feedback. Therefore, t,,, must be 
greater than t, . ,,., (Figure 7). We will refer to this as the 
feedback criterion. For the high-speed IPAC PAL device, we 
can guarantee this in all but one case. 


S Input __ | 


<— Lo > | | 
Q Output 
<—!n—>| 
R Input 


10897-001A 


Figure 7. lf Q = R, t,,, must be greater than t,, 


Design Restriction 


This one case not allowed is direct active-HIGH feedback 
from Q to the non-inverting rising-edge triggered R input 
(Figure 8). This also includes feedback from a different 
flip-flop if both S inputs contain acommon source input (Figure 
9). We will refer to this as direct feedback equivalent. Allother 
configurations are allowed. 





10997-002A 


Q.R :=Q ; not allowed 


Figure 8. Direct active-HIGH feedback to R; 
not allowed 








Q1.S :=In 
Q2.S :=In 
Q2.R := Q1; not allowed 


10997-003C 


Figure 9. Equivalent to direct feedback; 
not allowed 


Solution 


The solution is to DeMorganize the equation so that two 
inversions are added to the feedback path, slowing it down. 
This translates to using /Q instead of Q in the R equation, 
and defining the R input as being falling-edge triggered 
(Figure 10). DeMorganization will affect the number of prod- 
uct terms required, but the nine available terms will generally 
be sufficient. 
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/Q.R :=/Q ; allowed 


Figure 10. DeMorganized equivalent of Figure 8; 
allowed 





2-218 


PAL22IP6-25 


PAL22IP6-25 


DIP (PLCC) Pinouts 


Logic Diagram 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ...............scceeesseceesees —65°C to +150°C Commercial (C) Devices 
Supply Voltage to Ground Potential Temperature (T,) Operating Free Air....... 0°C to +75°C 
(Pin 24 to Pin 12) Continuous ............. —0.5 V to +7.0 V Supply Voltage (Vi) -..scescssscseeseees +4.75 V to +5.25 V 
DC Voltage Applied to Outputs 
(Except During Programming) ......-0.5 Vto+V,,. Max. Operating ranges define those limits between which the 
DC Input Voltage .......... eee ececeseeceeeeeeeees 0.5 Vto+5.5V functionality of the device is guaranteed. 
DC Input Current ................ccccsesssseeceeeceeeees —30mA to +5 mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over COMMERCIAL operating range. 
Parameter Parameter 
Symbol Description Test Conditions | 
Von Output HIGH Voltage Veg = Min loy = 73-2 MA 2.4 V 
Vin= Vin or Vie 


lot =24mA 
ii: =48mA 
Vo, | Output LOW Voltage (/0,, VO,, VO,, /O,) V 
le. =64mA 
(1/O,, V/O,) 
Vin Input HIGH Level (Note 1) Guaranteed Input Logical HIGH V 
Voltage for all Inputs 


Oe ce oe 
| Voltage for all Inputs 
freon | gManvar ee | 
Lee! 
ee! 
za 

























Cc 
Cc 


ee 





lou Output Leakage Current Voc = Max., Vy = V,,0rV, Vo =2.7V 
eee) V, = 0.4V 
Ve 


Ma 
I 
Le Output Short-Circuit Current ¢ = Max., Vo, = 0.5 V (Note 2) 


Notes: 1. These are absolute values with respect to device ground and all overshoots due to system or tester noise 
are included. 
2. Not more than one output should be tested at a time. Duration of the short circuit should not be more than 
one second. V,,,, = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
3. 1/O pin leakage is the worst case of |,,,, and |, (or I,,, and I, ). 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Note 1) 


Parameter 
Symbol Parameter Description 
Input or Feedback to Active pActveLOW 
Active Pearse erianenete 





Non-Registered Output 


(Note 2) 


_—* Edge-Activated-Input to Output or Feedback (Notes 4, 5) ah 5S 3 


Differential Time Between E-A-I Edges of S-R Cell (Notes 4, 5) 


= Differential Time Between E-A-I Edges of 2-T Cell (Note 4) ccs 









Edge-Activated-Input Pulse Width (Note 4) 


Asynchronous Preset to Registered Output caw 


Asynchronous Preset Pulse Width eit 
















Asynchronous Preset Recovery Time | to 


Asynchronous Clear to Registered Output 














Asynchronous Clear Pulse Width 





pp 
— Asynchronous Clear Recovery Time 


Input to Output Disable (Note 3) ae eS oe 


Notes: 1.Commercial Test Conditions: R, = 100 Q, R, = 390 Q (see Switching Test Circuit). 

2. tp, is tested with switch S, closed and C, = 50 pF (including jig capacitance). V,,=3V,V, =OV, 
Vou = Vo, = 1.5 V. 

3. For three-state outputs, output enable times are tested with C, = 50 pF to the 1.5 V; S, is open for high impedance 
to HIGH tests and closed for high impedance to LOW tests. Output disable times are tested with C, = 5 pF. HIGH 
to high-impedance tests are made to an output voltage of V.,,— 0.5 V with S, open; LOW to high-impedance tests 
are made to the V,,, + 0.5 V level with S, closed. 

4. The definition of these parameters is in the Special IPAC Timing Parameters section. 

5.On the S-R flip-flop, direct active-HIGH feedback from the output to the non-inverting R input is not allowed. 









*SPECIAL IPAC TIMING PARAMETERS 


t.1. Edge-Activated-input to Output Time t,_, Differential Time between Edge-Activated-Input 


The Edge-Activated-Input to Output parameter is defined as 
the minimum time it takes to obtain a valid data level on the flip- 
flop output after an Edge-Activated-Input is applied. 


t,., Differential Time between Edge-Activated-Input 
Edges of S-R Cell 

This unique timing parameter, t, ,, is defined as the minimum 
allowed time between active edges of the two inputs of the 
S-R flip-flop. If the time between adjacent active edges of 
these two inputs is greater than or equal to the maximum t, ,, 
the second Edge-Activated-Input will trigger the flip-flop. Ifthe 
time between active edges is less than or equal to the mini- 
mum t,_,, the second Edge-Activated-Input will not trigger the 
flip-flop. However, if the time between active edges lies 
between the minimum and maximum t, ,, the output will 
be unpredictable. 
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Edges of 2-T Cell 

The minimum allowed time between active edges of the two 
inputs of the 2-T flip flop. If the time between active edges of 
the two inputs is greater than the minimum t,_,, the output 
pulse will be measurable. If the time between active edges of 
the two inputs is smaller than the minimum t,,, the output 
pulse will be just a glitch. Since simultaneous inputs will not 
cause metastability, the purpose of this parameter is to 
determine the differential time for inputs in order to get a 
measurable output pulse width. 


t., Edge-Activated-Input Pulse Width 


The minimum Edge-Activated-Input pulse width required to 
activate the 2-T or S-R cell. 
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SWITCHING WAVEFORMS 


INPUT OR 
FEEDBACK T 
tpp 


COMBINATORIAL 
OUTPUT T 
968 10A 
Combinatorial Output 
EDGE-ACTIVATED 
INPUT © 
tEI0 
REGISTERED 
OUTPUT T 
968 108 
Registered Output 


ASYNCHRONOUS 
PRESET 


REGISTERED 
OUTPUT 





EDGE-ACTIVATED- 
INPUT 


968 10C 
Asynchronous Preset 


ASYNCHRONOUS 
CLEAR 


REGISTERED 
OUTPUT 





EDGE-ACTIVATED- 
INPUT 


968 10D 
Asynchronous Clear 


OUTPUT 





968 10E 


Input to Output Disable/Enable 


2-222 PAL22iP6-25 


SWITCHING WAVEFORMS (Cont'd) 


EDGE-ACTIVATED-INPUT 
SET (RESET) 


EDGE-ACTIVATED-INPUT 
RESET (SET) 


REGISTERED 
OUTPUT 





1647C 11 


Differential Inputs for S-R Cell (Case 1) 





EDGE-ACTIVATED-INPUT 
SET (RESET) 


EDGE-ACTIVATED-INPUT 
RESET (SET) 





REGISTERED 
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Differential Inputs for S-R Cell (Case 2) 













EDGE-ACTIVATED-INPUT 
Ti (R) 


EDGE-ACTIVATED-INPUT t2tart 


To (Ty ) tEIo 


REGISTERED 
OUTPUT 
1647C 13 


2-T Cell Timing (Case 1) 





EDGE-ACTIVATED-INPUT Vv 
T; (2) a 


tSto7 


EDGE-ACTIVATED-INPUT Vy 
To 1h) 


REGISTERED 16470 14 
OUTPUT YOO 


2-T Cell Timing (Case 2) 


Notes: 

1.V,=1.5V. 

2. Input pulse amplitude 0 V to 3.0 V. 

3. Input rise and fall times 2—5 ns typical. 
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SWITCHING TEST CIRCUIT 





EQUIVALENT INPUT 


Voc 
8k QNOM 
$1 
Ri 
INPUT 
TEST POINT 
R2 Cy 










OUTPUT 
968 15 
a 1647C 16 
Measured 
Specification tae Value 
Z—H: open 50 pF | 1002) 3902 | 1.5V 
Z—tL: closed 
an H-»Z: open SpF | 100Q) 390Q | HZ:V,,,-0.5V 
L—2Z: closed Las7 V. n+ 0.5V 
Key to Switching Waveforms 
WAVEFORM INPUTS OUTPUTS 
MUST BE WILL BE 
STEADY STEADY 
MAY CHANGE WILL BE 
CHANGING 
AS FROM H TO L FROM H TOE 
WILL BE 
MAY CHANGE 
CHANGING 
SII i/ FROM LTOH FROM LTOH 
DON'T CARE, CHANGING, 
XXXXKK ANY CHANGE STATE 
PERMITTED UNKNOWN 
DOES NOT CENTER LINE IS 
HIGH IMPEDANCE 
SoHKEK*E APPLY “OFF” STATE 
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INPUT/OUTPUT DIAGRAM 


_ TYPICAL OUTPUT 


APPLICATION DESCRIPTION 


The IPAC PAL device is ideal for interfacing two system com- 
ponents with different asynchronous protocol signals. In other 
words, handshake protocol signals of two peripherals, a 
processor and a peripheral, two processors, etc., which are 
not synchronized to acommon clock, are ideal candidates for 
IPAC designs. 


The two types of IPAC registers, the edge-activated S-R 
register and the edge-activated Dual-T type register, not only 
can simplify asynchronous designs but also offer increased 
system performance over conventional solutions. They also 
eliminate the need for synchronizing the asynchronous sig- 
nals, thereby eliminating instances where metastability can 
occur and improving system reliability. The next section de- 
scribes this in detail. 


Interface Design Example 


The advantage of the IPAC flip-flops is to enhance the system 
performance. The IPAC flip-flops eliminate the need for a 
clock, and consequently the need to synchronize asynchro- 
nous signals. In conventional designs such synchronization 
requires two extra clock cycles to mitigate the effects of 
metastability. The following example of a simple request/ 
grant-type interface protocol illustrates the two major advan- 
tages of the IPAC PAL device. 


The exampie inierfaces a microprocessor to a peripherai 
using a request/grant handshake protocol. The microproces- 
sor generates a chip-select (CSL) signal which is transformed 
to a peripheral-request (REQL) signal. The peripheral re- 
sponds by generating a grant (GRANTL) signal, at which time 
the microprocessor removes its REQL signal. 


The conventional approach is to register the microprocessor 
CSL signal to generate a much longer REQL signal. It 
requires three registers and a clock to implement the design. 
The GRANTL signal is used to remove the REQL signal. This 
also requires two clock cycles. 








CLK 
968 18 
Figure 12. Conventional Solution 
TWO CLOCK CYCLE DELAY 
SLOWS SYSTEM PERFORMANCE 
on es 
CLK 
REQL 
968 19 


GRANTL | | 


Figure 13. Timing Diagram of a Simplified REQ/GRANT Protocol 
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The IPAC PAL device uses the falling edge of the CSL signal 
to generate the request (Figure 14) without the danger of 
metastability. It also removes its REQL signal on the falling 
edge of the GRANTL signal, again without any risk of metas- 
tability. In both instances the output signal responds to the 
input without the two-clock cycle delay, thereby improving 
system performance. Table 2 describes the advantages of 





using the IPAC device versus standard TTL Logic (74FXXX) Figure 14. The IPAC Solution 
and the PAL2OR8B. 
74FXXX PAL20R8B IPAC 
Chip Count Comparison 
Handshake Speed” 


Design Complexity 


Metastability Possible 





Table 2. Benchmark Comparison for Various Interface Designs 
* These numbers apply to both directions of handshake 
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AmPAL22P10B/AL/A 


24-pin Combinatorial TTL Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 
= As fast as 15 ns maximum propagation delay 


m@ Universal combinatorial architecture 
m= Programmable output polarity 
| 


Programmable replacement for high-speed 
TTL logic 


GENERAL DESCRIPTION 


The AMPAL22P10 utilizes Advanced Micro Devices’ 
advanced oxide-isolated bipolar process and fuse-link 
technology. The devices provide user-programmable 
logic for replacing conventional SSI/MSI gates and flip- 
flops at a reduced chip count. 


The AmMPAL22P10 allows the systems engineer to im- 
plement the design on-chip, by opening fuse links to 
configure AND and OR gates within the device, accord- 
ing to the desired logic function. Complex interconnec- 
tions between gates, which previously required time- 
consuming layout, are lifted from the PC board and 
placedon silicon, where they can be easily modified dur- 
ing prototyping or production. 


The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 


BLOCK DIAGRAM 


¥/ em: 


| 
Advanced 
Micro 
Devices 


m™ Easy design with PALASM® software 


Programmable on standard PAL® device 
programmers 


™ 24-pin SKINNYDIP® and 28-pin PLCC 


packages Save space 


outputs. In addition, the PAL device provides the follow- 
ing options: 


— Variable input/output pin ratio 
— Programmable three-state outputs 


Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Unused input pins should be tied to Vcc or GND. 


The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro- 
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod- 
ules. See the Programmer Reference Guide for ap- 
proved programmers. Once the PAL device is pro- 
grammed and verified an additional fuse may be opened 
to prevent pattern readout. This feature secures proprie- 
tary Circuits. 


AmPAL22P10 
Inputs 


12 
v. 


| PROGRAMMABLE AND ARRAY 
(44 X 90) 





UN VN L/N\} UN UN UN LN L/N JN i/\ 

¢, % ¢ ¢ ¢ ¢. ¢ ¢ © ¢. 

VO vO vO VO Te) V0 Te VO VO VO 
12984-002A 








Rev. D 






PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. Publication # 12984 Amendment /0 
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 


Issue Date: January 1990 
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Peopect SELECTOR GUIDE 


tpp lcc lot 
ns (Max.) mA (Max.) mA (Min.) 
ry High Speed 


High Speed . 
a Versions | 25 210 


High Speed, 
Half Power 
(“AL”) Versions 
















CONNECTION DIAGRAMS 
Top View 


SKINNYDIP 





Note: 
Pin 1 is marked for orientation 





12984—003A 12984-004A 
PIN DESIGNATIONS 

GND Ground 

| Input 

/O Input/Output 

NC No Connect 

Vcc Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

. Number of Array Inputs 

Output Type 

. Number of Outputs 

Speed 

Power 

. Package Type 

. Operating Conditions 

Optional Processing 


—~ranr-oanen 


AmPAL 22 P 10 A LPC 


a. FAMILY TYPE oe | 


AmPAL = Programmable Array Logic 


b. NUMBER OF 
ARRAY INPUTS 


c. OUTPUT TYPE 
P = Programmable Polarity 


I. OPTIONAL PROCESSING 
Blank = Standard Processing 


h. OPERATING CONDITIONS 2 


C = Commercial (0°C to +75°C) 





d. NUMBER OF OUTPUTS 








e. SPEED . PACKAGE TYPE 
B = 15 ns tpp P = 24-Pin 300-mil Plastic 
A=25 ns tpp SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded 
f. POWER Chip Carrier (PL 028) 
L = Low Power (105 mA Icc) D = 24-Pin 300-mil Ceramic 
Blank = Full Power (210 mA Icc) SKINNYDIP (CD3024) 


Valid Combinations 


The Valid Combinations table lists configurations 

planned to be supported in volume for this device. 

Consult the local AMD sales office to confirm 

AmPAL22P10 B, AL, A | PC, JC, DC availability of specific valid combinations, and to 
| check on newly released combinations. 


Valid Combinations 





Note: Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 


All parts are produced with a fuse link at each input to the 
AND gate array, and connections may be selectively re- 
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo- 
rithm, these products can be rapidly programmed to any 
customized pattern. Information on approved program- 
mers can be found inthe Programmer Reference Guide. 
Extra test words are pre-programmed during manufac- 
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 


Variable Input/Output Pin Ratio 


The AmPAL22P10 has twelve dedicated input lines, 
and all ten combinatorial outputs are I/O pins. Buffers for 
device inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vcc or GND. 


Programmable Three-State Outputs 


Each output has a three-state output buffer with three- 
state control. A product term controls the buffer, allow- 
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional !/O pin, and may be con- 
figured as a dedicated input if the buffer is always dis- 
abled. 


Programmable Polarity 


The polarity of each output can be active-high or active- 
low, either to match output signal needs or to reduce 
product terms. Programmable polarity allows Boolean 
expressions to be written in their most compact form 
(true or inverted), and the output can still be of the de- 
sired polarity. It can also save “DeMorganizing” efforts. 


Selection is through a programmable fuse which con- 
trols an exclusive-OR gate at the output of the AND/OR 
logic. The output is active high if the fuse is 1 (pro- 
grammed) and active low if the fuse is 0 (intact). 


Security Fuse 


After programming and verification, an AMPAL22P10 
design can be secured by programming the security 
fuse. Once programmed, this fuse defeats readback of 
the internal programmed pattern by a device program- 
mer, securing proprietary designs from competitors. 
When the security fuse is programmed, the array will 
read as if every fuse is programmed. 


Quality and Testability 


The AmMPAL22P10 offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro- 
gramming yields and post-programming functional 
yields in the industry. 


Technology 


The AmPAL22P10 is fabricated with AMD’s advanced 
oxide-isolated bipolar process. This process reduces 
parasitic capacitances and minimum geometries to pro- 
vide higher performance. The array connections are 
formed with proven PtSi fuses for reliable operation. 
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LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature Ambient Temperature (Ta) 

With Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground —0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —0.5Vto+5.5V 


Operating ranges define those limits between which the func- 


DC Input Current —30 mA to +5 mA tionality of the device is guaranteed. 
DC I/O Pin Voltage —0.5 V to Voc Max. 
Static Discharge Voltage 2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 





Vin = 0.4 v, Vcc = Max. “iNote 2) 


i yrent™ | Viw= 5.5 V, Voo= Max a 

Off-State Output Le: Vout = 2.7 V, Vcc = Max. 100 | pA 
Current HIGH Vin = Vin or Vit (Note 2) 
Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA 
Current LOW Vin = Vin or Vit (Note 2) 

Output Short-Circuit Current | Vour = 0.5 V, Vec= Max. (Note 3) | -30 | -90 | mA | 
Supply Current Vin = 0 V, Outputs Open eal | 210 | ma 

(lout = 0 mA) 
Notes: 


1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 





2. l/O pin leakage is the worst case of I, and loz (or liq and lozx). 


3. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter | 
Parameter Description Test Conditions 


Pins 1,13 | Vin=2.0 V 


Vout = 2.0 V 





Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 











Parameter 
Symbol 


Note: 
2. See Switching Test Circuit for test conditions. 
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SWITCHING WAVEFORMS 





Input or Input or 
Feedback Vr Feedback 
tpp 
Combinatorial Vr Combinatorial 
Output Output 
: 12015-010A 12015-013A 
Combinatorial Output Input to Output Disable/Enable ° 
Notes: 
1.Vr=1.5V 


2. Input pulse amplitude 0 V to 3.0 V 
3.. Input rise and fall times 2-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from Hto L 


May Will be 
Change Changing 
from L to H from L to H 


Don’t Care; Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 


Apply Line is High- 
Impedance 2 
“Off” State 


KS000010-PAL 





SWITCHING TEST CIRCUIT 


5V 


Si 


R; 


Output Test Point 


12350-019A 


Measured 
ae a one Value 
| Closed 1 ae V 
Z — H: Open 50 pF i 
Z —L: Closed 200 Q 390 Q 
| H-Z: Open ceca! Von -0.5 V 
L —Z: Closed Loz Vor + 0.5 V 
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INPUT/OUTPUT EG 
Typical Output 





e Vec 
40 2 NOM 
Input 
S 2 Output 
Program/Verify 
Circuitry 
np Program/Verify/ 
ae Test Circuitry 
12350-020B 
\ 7 
= 12984-006A 
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COM’L 
PAL22V10-10/15 
AmPAL22V10/A 


PALCE22V10H-15/25/Q-25 
24-pin TTL/CMOS Versatile PAL® Device 


MIL 


DISTINCTIVE CHARACTERISTICS 


m As fast as 10 ns propagation delay and 71 MHz 
fmax 


m Low-power EE CMOS versions 


m@ 10 macrocells programmable as registered or 
combinatorial, and active high or active low to 
match application needs 


@ Varied product term distribution allows up to 
16 product terms per output for complex 
functions 


GENERAL DESCRIPTION 


The PAL22V10 provides user-programmable logic for 
replacing conventional SSI/MSI gates and flip-flops ata 
reduced chip count. 


The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 


The product terms are connected to the fixed OR array 
with a varied distribution from 8 to16 across the outputs 


BLOCK DIAGRAM 
4 CLK/o 
1 


a 
iN 


Advanced 
Micro 
Devices 


= Global asynchronous reset and synchronous 
preset for initialization 


m@ Power-up reset for initialization and register 
preload for testability 


m™ Easy design with PALASM® software 


m@ Programmable on standard PAL device 
programmers 


mM 24-pin SKINNYDIP® and 28-pin PLCC 
packages Save space 


(see Block Diagram). The OR sum of the products feeds 
the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial, and active 
high or active low. The output configuration is deter- 
mined by two fuses controlling two multiplexers in each 
macrocell. 


The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro- 
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod- 
ules. See the Programmer Reference Guide for ap- 
proved programmers. 


M ly - tay 
114 
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PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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PERFORMANCE OPTIONS 
Commercial 


CMOS 
sa a aS 
tpo, 

(trons) 45 | | GMOS | 





Power (Icc, mA) 


OPERATING RANGES 


a a ee 
ee ee ee 
A (25 ns) A (80 ns 

) 










| -20 
[AB ns) ) 
es go 
a ee 
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CONNECTION DIAGRAMS 





Top View 
SKINNYDIP/FLATPACK PLCC/LCC 
CLK/lo| | 1® Vcc 
lt} 2 1/O9 
lof} 3 Og 
Isl] 4 VO7 1/07 
laty 5 Li V/Oe6 
1/O6 
Isl] 6 Os 
le} 7 VO4 VOs 
7] 8 VO3 | NC 
lsL] 9 VO2 O04 
lof] 10 VO; Os 
hot] 11 Oo 
GNnp[] 12 i uae 


13003-003A 2 


13003-002A 





Note: 
Pin 1 is marked for orientation. 


PIN DESIGNATIONS 


CLK Clock 

GND Ground 

| Input 

/O Input/Output 
NC No Connect 
Vec Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order 
number (Valid Combination) is formed by a combination of: a. Family Type 

Technology 

Number of Array Inputs 
Output Type 

Number of Outputs 
Power 

Speed 

Package Type 

Operating Conditions 
Programming Designator 


Tress aos 


PAL CE 22 V 10 H-15 P C 










a. FAMILY TYPE 
PAL or AmPAL = Programmable 
Array Logic 


b. TECHNOLOGY 


j. PROGRAMMING DESIGNATOR 
CE = CMOS Electrically Erasable 


Blank = Initial Release 





Blank = Bipolar /4 = First Revision 
(May require different programmer 
c. NUMBER OF revisions) 
ARRAY INPUTS 
d. OUTPUT TYPE i, OPERATING CONDITIONS 
V = Versatile C = Commercial (0°C to +75°C) 
e. NUMBER OF OUTPUTS h. PACKAGE TYPE 
P = 24-Pin 300-mil Plastic 
f. POWER SKINNYDIP (PD3024) 
Q = Quarter Power (55 mA Icc) J = 28-Pin Plastic Leaded 
H = Half Power (90 mA Icc) Chip Carrier (PL 028) 
Blank = Full Power (180 mA Icc) D = 24-Pin 300-mil Ceramic 
SKINNYDIP (CD3024) 
g. SPEED 
-10 = 10nstpp 
-15 = 15nstpp 
-25 = 25nstpp 
A = 25nstpp 


Blank = 35nst 
Valid Combinations an ns tpp 


PAL22V10-10 ; Valid Combinations 
PAL22V10-15 | The Valid Combinations table lists configurations 

| planned to be supported in volume for this device. 
AMPALZEVIGA Consult the local AMD sales office to confirm 
AmPAL22V10 availability of specific valid combinations, to 

check on newly released combinations, and to 
PALCE22V10H-15 blank obtain additional dataon AMD’s standard military 
PALCE22V10H-25 grade products. 
/4 

PALCE22V100-25 Note: Marked with AMD logo. 
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ORDERING INFORMATION 
APL Products 


AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combina- 


tion) is formed by a combination of: a. 


xm reneaos 


Family Type 
Technology 

Number of Array Inputs 
Output Type 

Number of Outputs 
Power 

Speed 

Programming Designator 
Device Class 

Package Type 

Lead Finish 


PAL CE 22 V 10 H -25 


a. FAMILY TYPE | 


PAL or AmPAL = Programmable 
Array Logic 


b. TECHNOLOGY 
CE = CMOS Electrically Erasable 
Blank = Bipolar 


c. NUMBER OF 
ARRAY INPUTS 


d. OUTPUT TYPE 
V = Versatile 


e. NUMBER OF OUTPUTS 


f. POWER 
H = Half Power (100 mA Icc) 













Blank = Full Power (180-200 mA Icc) 







PAL22V10-15 


PAL22V10-20 
AmPAL22V10A 
AmPAL22V10 | 
PALCE22V10H-25 _| blank, 
PALCE22V10H-30_|E4 


Group A Tests 











Valid Combinations 


/BLA, /BKA, /B3A 


Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 


Military Burn-in 


k. LEAD FINISH 
A = Hot Solder Dip 


j. PACKAGE TYPE 


L = 24-Pin 300-mil Ceramic 
SKINNYDIP (CD3024) 


K = 24-Pin Ceramic Flatpack 
(CFLO24) 
3 = 28-Pin Ceramic 
Leadless Chip Carrier 
(CLO28) 
i. DEVICE CLASS 
/B= Class B 


h. PROGRAMMING DESIGNATOR 
Blank = Initial Release 


E4 = First Revision 
(May require different programmer 
revisions) 
g. SPEED 
-15 = 15nstpp 
-20 = 20nstpp 
-25 = 25nstpp 
-30 = 30nstpp 
A = 30nstpp 


Blank = 40 ns tpp 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD’s standard military 
grade products. 


Note: Marked with AMD logo. 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A 
through E. Test conditions are selected at AMD’s option. 
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FUNCTIONAL DESCRIPTION 


The PAL22V10 allows the systems engineer to imple- 
ment the design on-chip, by opening fuse links (or pro- 
gramming EE cells) to configure AND and OR gates 
within the device, according to the desired logic func- 
tion. Complex interconnections between gates, which 
previously required time-consuming layout, are lifted 
fromthe PC board and placed on silicon, where they can 
be easily modified during prototyping or production. 


Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. 


The PAL22V10 has 12 inputs and 10 I/O macrocells 
(Figure 1). The macrocell allows one of four potential 
output configurations; registered output or combinato- 
rial 1/O, active high or active low (see Figure 2). The con- 
figuration choice is made according to the user’s design 
specification and corresponding programming of the 
configuration bits So - S;. Multiplexer controls are con- 
nected to ground (0) through a programmable bit, se- 
lecting the “O” path through the multiplexer. Program- 


|} CLK Vo 


ming the fuse or erasing the bit disconnects the control 
line from GND and it floats to Vcc (1), selecting the “1” 
path. 


The device is produced with a fuse or EE celllink at each 
input to the AND gate array, and connections may be se- 
lectively removed by applying appropriate voltages to 
the circuit. Utilizing an easily-implemented program- 
ming algorithm, these products can be rapidly pro- 
grammed to any customized pattern. Information on ap- 
proved programmers can be found in the Programmer 
Reference Guide. Extra test words are pre-programmed 
during manufacturing to ensure extremely high field pro- 
gramming yields, and provide extra test paths to 
achieve excellent parametric correlation. 


Variable Input/Output Pin Ratio 


The PAL22V10 has twelve dedicated input lines, and 
each macrocell output can be an I/O pin. Buffers for de- 
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vcc or GND. 


a My - M44 
11 
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Figure 1. Block Diagram 
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Registered Output Configuration Combinatorial I/O Configuration 


Each macrocell of the PAL22V10 includes a D-type flip- Any macrocell can be configured as combinatorial by 
flop for data storage and synchronization. The flip-flop selecting the multiplexer path that bypasses the flip-flop 
is loaded on the LOW-to-HIGH transition of the clock in- (S; = 1). Inthe combinatorial configuration the feedback 
put. In the registered configuration (S; = 0), the array is from the pin. 


feedback is from Q of the flip-flop. 










Sov Output Configuration 
os. 4 Registered/Active Low 
| 1 | Registered/Active High 







Combinatorial/Active Low 


Combinatorial/Active High 





O = Unprogrammed fuse or programmed EE bit 
1 = Programmed fuse or erased (charged) EE bit 


13003-004A 


Figure 2. Output Logic Macrocell Diagram 


So =0 
=0 





Figure 3a. Registered/Active Low Figure 3c. | Combinatorial/Active Low 


So = 1 
Si = 





Figure 3b. Registered/Active High Figure 3d. | Combinatorial/Active High 
13003-009A 
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Programmable Three-State Outputs 


Each output has a three-state output buffer with three- 
state control. A product term controls the buffer, allow- 
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional I/O pin, and may be con- 
figured as a dedicated input if the buffer is always dis- 
abled. 


Programmable Output Polarity 


The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. lt can also save “DeMorganizing” ef- 
forts. 


Selection is controlled by programmable bit So in the 
output macrocell, and affects both registered and com- 
binatorial outputs. Selection is automatic, based on the 
design specification and pin definitions. If the pin defini- 
tion and output equation have the same polarity, the out- 
put is programmed to be active high (So = 1). 


Preset/Reset 


For initialization, the PAL22V10 has additional Preset 
and Reset product terms. These terms are connected to 
all registered outputs. When the Synchronous Preset 
(SP) product term is asserted high, the output registers 
will be loaded with a HIGH on the next LOW-to-HIGH 
clock transition. When the Asynchronous Reset (AR) 
product term is asserted high, the output registers will be 
immediately loaded with a LOW independent of the 
Clock. 


Note that preset and reset control the flip-flop, not the 
output pin. The output level is determined by the output 
polarity selected. 


Power-Up Reset 


All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PAL22V10 will de- 
pend on the programmed output polarity. The Vcc rise 
must be monotonic and the reset delay time is 1-10 ps 
maximum. 


Register Preload 


The register on the PAL22V10 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load- 


ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 


Security Fuse 


After programming and verification, a PAL22V10 design 
can be secured by programming the security fuse or EE 
bit. Once programmed, this fuse defeats readback of the 
internal programmed pattern by a device programmer, 
securing proprietary designs from competitors. When 
the security fuse is programmed, the array will read as if 
every fuse is programmed, and preload will be disabled. 


For the CMOS PALCE22V10, a floating gate is used as 
the security bit. The bit can only be erased in conjunction 
with erasure of the entire pattern. 


Quality and Testability 


The PAL22V10 offers a very high level of built-in quality. 
Extra programmable fuses provide a means of verifying 
performance of all AC and DC parameters. In addition, 
this verifies complete programmability and functionality 
of the device to provide the highest programming yields 
and post-programming functional yields in the industry. 


The erasability of the CMOS PALCE22V10 allows direct 
testing of the device array to guarantee 100% program- 
ming and functional yields. 


Technology 


The bipolar PAL22V10 is fabricated with AMD’s ad- 
vanced oxide-isolated bipolar process. This process re- 
duces parasitic capacitances and minimum geometries 
to provide higher performance. The array connections 
are formed with proven PtSi fuses for reliable operation. 
The PAL22V10-10 uses TiW fuses. 


The CMOS PALCE22V10 is fabricated with AMD’s aa- 
vanced EE CMOS process. The array connections are 
formed by electrically-erasable floating gates similar to 
those found in EEPROMs. 


Programming and Erasing 


The PAL22V10 can be programmed on standard logic 
programmers. Approved programmers are listed in the 
Programmer Reference Guide. 


The CMOS PALCE22V10 may be erased to reset a pre- 
viously configured device back to its virgin state. Era- 
sure is automatically performed by the programming 
hardware. No special erase operation is required. 
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PAL22V10 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 

Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground 0.5 Vto +7.0V with Respect to Ground +4.75V to +5.25 V 

DC Input Voltage (-10) -—1.2Vto Vcc +0.5V : — 
Operating ranges define those limits between which the func- 

DC Input Voltage (-15) 0.5 V to Vec + 0.5 V tionality of the device is guaranteed. 

DC Input Current (-15) -30 mA to+5 mA 

DC Output or I/O Pin Voltage -0.5V to Vcc+0.5V 

Static Discharge Voltage 2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC aa over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter 
Symbol Parameter Description Test Conditions 
Von Output HIGH Voltage lox = -3.2 MA Vin = Vin OF Vit 2.4 Vo 
Vcc = Min. 

VoL Output LOW Voltage lon =16MA Vin=Vinor Vit | 05 V 
Vcc = Min. 
" me i 
Vit 


















Input HIGH Voltage Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 1) | 
Input LOW Voltage Guaranteed Input Logical LOW V 
| Voltage for all Inputs (Note 1) | 

Input Clamp Voltage lin=—18 mA, Vcc = Min. | | t2 | Ve 
| tm | Input HIGH Current Vin = 2.7 V, Voc = Max. (Note 2) Ff 25 | pA 
Input LOW Current Vin = 0.4 V, Voc = Max. (Note 2) | | 100 | pA | 
|_| Maximum Input Current Vin = 5.5 V, Vcc = Max. PT aL mA, 


lozH Off-State Output Leakage Vout = 2.7 V, Vcc = Max. 100 | uA 
Current HIGH Vin = Vin or Vit (Note 2) 
loz Off-State Output Leakage Vout = 0.4 V, Vcc = Max. —-100 | WA 
Current LOW Vin = Vinor Vit (Note 2) 
| Isc | Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 3) | -30 | -90 | mA | 
= ) 


Isc : 
loc Supply Current Vin= 0 V, Outputs Open (lout = 0 mA 180 | mA 
Vec = Max. 
Notes: 


1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 











2. I/O pin leakage is the worst case of Ii, and lozz (or liq and lozn). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 





2-246 PAL22V10-10/15 (Com’l) 





CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance [Pins 1,13] Vin=2.0V 
Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 








SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
PRELIMINARY 


hs a8 seeps 










Parameter 
Symbol 







Parameter Description 


[tro __| Input or Feedback to Combinatorial Output 
Clock to Feedback (Note 4) 

[tarw [Asynchronous Reset Width 
[tana | Asynchronous Reset Recovery Time | 


a 
Clock Width HIGH 
haxinin External Feedback I/(ts_ + tco) 
fMax Frequency Internal Feedback 1/(ts + tcF) 


































ae?) NoFeedback | 1/(twH+tw) 
Input to Output Enable Using Product Term Control 
Input to Output Disable Using Product Term Control 









Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums are measured under best-case conditions. 
4. Calculated from measured fmax internal. 
5 


These parameters are not 100% tested, but are calculated at initial characterization and at any time 
the design is modified where frequency may be affected. 





PAL22V10-10/15 (Com’l) 2-247 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M) Devices (Note 1) 

Supply Voltage with | Ambient Temperature (Ta) 

Respect to Ground —0.5Vto+7.0V Operating in Free Air —55°C Min. 

DC Input Voltage (-15) —1.2V to+7.0V Operating Case (Tc) 

DC Input Voltage (-20) 0.5 V to+5.5V Temperature 125°C Max. 

DC Output or /O Pin Voltage -0.5 V to +7.0V Supply Voltage (Vcc) 

DC Input Current (-20) -30 MA to +5 MA with Respect to Ground +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- : . Bek 
tionality of the device is guaranteed. 


ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- Note: 


ity. Programming conditions may differ. Absolute Maximum sia : ‘ 5 
Ratings are for system design reference; parameters given 1. Miltary products are tested at Tc.» +25°C, + 125°C, 
are not tested. and —55°C, per MIL-STD-883. 


iN A ae over MILITARY operating ranges unless otherwise specified 
Note 2 


Parameter 
— Parameter Description Test Conditions 
Output HIGH Voltage lon = —-2 MA Vin = Vin Or Vir 
Vcc = Min. 
VoL Output LOW Voltage lo. = 12 mA Vin = Vin Or Vit 
Vec = Min. 
Input HIGH Voltage Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 3) 
Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 3) 
| M,_—_|_ Input Clamp Voltage lin=—18 MA, Vcc = Min. 
| ia ——| Input HIGH Current Vin = 2.7 V, Voc = Max. (Note 4) a 


Iw | Input LOW Current Vin = 0.4 V, Voc = Max. (Note 4) | | -100 | pA | 
| =|, Maximum Input Current Vin = 5.5 V, Voc = Max. ate 


lozH Off-State Output Leakage Vout = 2.7 V, Vcc = Max. 
Current HIGH Vin = Vin or Vit (Note 4) 

lozt Off-State Output Leakage Vout = 0.4 V, Voc = Max. LA 
Current LOW Vin = Vin or Vit (Note 4) 
Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) | -30 | -90 | mA | 


loc Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) mA 
Voc = Max. 


Notes: 


2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. Vit and Vip are input conditions of output tests and are not themselves directly tested. Vi_ and Vix are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. I/O pin leakage is the worst case of Ii, and lozz (or liq and lozn). 

5. Notmore than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 





















2-248 PAL22V10-15/20 (Mil) 





CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


input Capacitance [Pins 1,13] Vin = 2.0 V 
| | 
Output Capacitance 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 








SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 
PRELIMINARY 


Parameter 
Symbol Parameter Description 


|__teo__| Input or Feedback to Combinatorial Output___ 
|__ts___| Setup Time from input, or Feedback to Clock 


Asynchronous Reset Recovery Time (Note 5) 


| tspr __| Synchronous Preset Recovery Time (Note 4) 
ue Clock Width = 
ae ock Wi Lic) aa E! 
HIGH 
Maximum | External Feedback | 1/(ts + tco) 
Frequency 
(Note 6) Internal Feedback 1/(ts_+ tcr) 


Input to Output Enable Using Product 
Term Control (Note 4) 


Input to Output Disable Using Product 
Term Control (Note 4) 





Notes: 


2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Calculated from measured fmax internal. 


4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where these parameters may be affected. 


5. tarnw and tarr are not directly tested, but are guaranteed by the testing of ts and tar. 


6. These parameters are not 100% tested, but are calculated at initial characterization and at any time 
the design is modified where frequency may be affected. 





PAL22V10-15/20 (Mil) 2-249 





ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5 Vto+7.0V with Respect to Ground +4.75Vto+5.25V 
DC Input Voltage —-0.5Vto+5.5V 


Operating ranges define those limits between which the func- 


DC Input Current —30 mA to +5 mA tionality of the device is guaranteed. 


DC Output or I/O Pin Voltage -—0.5 V to Vcc Max. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges UF 
specified a | 7 
a 


Parameter 
Symbol Parameter Description 
Output HIGH Voltage 
Vin sift is j 
Vi Dut OW | 
V, - _ 


























ital 
ee if ie 


tH 
HHT fifi 
Uh iif pei 
i 










ny 


pee 


7] 







ci 


lozt 


F Isc Output Short-Circuit Current 


Vin = Vin or Vit (Note 2) 
Isc 
loc Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) 180 | mA 
| Vec = Max. 
Notes: 


1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


Vout = 2.7 V, Vcc = Max. 
Vin = Vin or Vit (Note 2) 


Vout = 0.4 V, Vcc = Max. 


















2. \/Opin leakage is the worst case of lit and Jozi (or tin and lozn). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 





2-250 AmPAL22V10/A (Com’!) 





CAPACITANCE (Note 1) 


Parameter | 
Symbol Parameter Description Test Conditions 


input Capacitance [Pins 1,13] Vin = 2.0 V 


Court Output Capacitance Vout = 2.0 V 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 





SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges 


Parameter 
Symbol Parameter Description 


He 
He 


Hil 
i | 


HH 
Mi 


Hlth 
ee 
tH 


Asynchronous Reset Rec 


ue 





Pi 
eH jr af ‘ 
3. These parameters are'not 100% tested, but are calculated at initial characterization and at any time 


the design is modified where frequency may be affected. 








AmPAL22V10/A (Com’l) 2-254 





ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M) Devices (Note 1) 

Supply Voltage with Ambient Temperature (Ta) 

Respect to Ground —0.5V to +7.0V Operating in Free Air —55°C Min. 

DC Input Voltage —O0.5V to+5.5V Operating Case (Tc) 

DC Output or I/O Pin Voltage -0.5 V to Vcc Max. Temperature +125°C Max. 

DC Input Current ~30 mA to +5 mA Supply Voltage (Vcc) 

Output Sink Current 100 mA (Note 6) with Respect to Ground +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- ; ; on 
tionality of the device is guaranteed. 


ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- Note: 
ity. Programming conditions may differ. Absolute Maximum 


; : : 1. Military products are teste 
Ratings are for system design reference; parameters given 2 
are not tested. and —55°C per MIL- 





Viv=55V, Voo = Max tae 
| Vout = 2.7 V, Vcc = Max. 100 

Vin = Vin or Vit (Note 4) 

Vout = 0.4 V, Vcc = Max. —100 

Vin = Vin or Vit (Note 4) 


Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) | -30 | -90 | mA | 


Vin= 0 V, Outputs Open (lout = 0 mA) 180 |} mA 
Vcc = Max. 


Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vi_ and Viy are absolute voltages with 


respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. W/O pin leakage is the worst case of I, and lozt (or liq and lozn). 


Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


6. Not more than one output should sink 100 mA at a time. Duration should not exceed one second. 





2-252 AmPAL22V10/A (Mil) 





CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance Vin = 2.0 V 
One 


Output Capacitance Vout = 2.0 V 





Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 







Parameter 





| tpp _| Input or Feedback to Combinatorial Output 


tee dl Setup Time from Input, or Feedback to Clock 


3. taRw and tarR are not raieelly tested, but are iaaviaed by the testing of ts and tar. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time 
the design is modified where frequency may be affected. 


5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 





AmPAL22V10/A (Mil) 2-253 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with : : Ambient Temperature (Ta) 

Power Applied 55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Respect 

to Ground 0.5 V to +7.0 V ae ce =n 

DC Input Voltage (Except H-25) +4.75 V to +5.25 V 
(Except Pin 5) —0.5V to Vcc +0.5V Supply Voltage (Vcc) with 

DC Input Voltage (Pin 5) 0.6 V to +11.0V Respect to Ground (H-25) $4.5 V to +5.5V 
DC Output or I/O Pin 


Operating Ranges define those limits between which the func- 


Voltage 05 Vito Vee +0.5.V tionality of the device is guaranteed. 
Static Discharge Voltage 2001 V 

Latchup Current 

(Ta = 0°C to +75°C) 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. Pro- 
gramming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified 


Parameter | 
a Parameter Description Test Conditions 
we HIGH Voltage loo = -3.2 MA Vin = Vinor Vit 
Vcc = Min. 


eee LOW Voltage lor =16MA  Vin= Vin or Vit V 
Vcc = Min. 
Input HIGH Voltage Guaranteed Input Logical HIGH | V 
| Voltage for all Inputs (Note 1) 
Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 
— Input HIGH Leakage Current] Vin = 5.5 V, Vcc = Max. (Note 2) —|— 
fo | Input LOW Leakage Current VIN = 0 V, Vcc = Max. (Note 2) eee 


lozH Off-State Output Leakage Vout = 5.5 V, Vcc = Max., 10 uA | 
Current HIGH Vin = Vit or Vin (Note 2) 

loz Off-State Output Leakage Vout = 0 V, Vcc = Max. —10 pA 
Current LOW Vin= Vit or Vin (Note 2) 
Output Short-Circuit Vout = 0.5 V, Vcc = Max. (Note 3) -30 | -150 mA 
Current 
Supply Current Vin= 0 V, Outputs Open 

(lout = 0 MA), Vcc = Max. aa 


Notes: 
1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 


















2. VO pin leakage is the worst case of IL and lozt (or lin and loz). 


3. Not more than one output should be tested at atime. Duration of the short-circuit test should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 





2-254 PALCE22V10H-15/25, Q-25 (Com’l) 


CAPACITANCE (Note 1) 


Cin Input Capacitance Vin = 2.0 V 
Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 





SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
Symbol | Parameter Description 


Tteo | put or Feedback o Combinatonal Oupat [| 18 
T's | Setup Time from input, Feedback or SPt0 Ceck | 10 |_| | 
SO 
[tea | Cockto Oust ——SSSCSC—C—~—SCS—iS 
ter [Crook toFeesback Notes) ———SC~d 
[tan | Asynchronous Reset io Registered Out | 
ae 
ee 
t 
t 
f 
t 







—_h 


taRR Asynchronous Reset Recovery Time 


© 


— NO 
— 
(ey) 


Synchronous Preset Recovery Time 





H 
CO 
CF 
R 
a Clock Width HIGH es 
MAX 
EA 
ER 





Pot | 
— vaca 

(Note 4) Internal Feedback 58.8 
Tex Tuto Ont erable Uang Procter Como | 8] 
Input to Output Disable Using Product Term Control nae 15 Ee ee ee 


Notes: 
2. See Switching Test Circuit for test conditions. 





3. Calculated from measured fmax internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time 
the design is modified where frequency may be affected. 





PALCE22V10H-15/25, Q-25 (Com’l) 2-255 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M) Devices (Note 1) 
Ambient Temperature Operating Case 
with Power Applied —55°C to +125°C Temperature (Tc) —55°C to +125°C 
Supply Voltage with Supply Voltage (Vcc) 
Respect to Ground —0.5 V to +7.0V with Respect to Ground 44.5Vt0O+55V 
DC Input Voltage Operating ranges define those limits between which the func- 
(Except Pin 5) —0.5 Vto Vec+0.5V tionality of the device is guaranteed. 
DC Input Voltage (Pin 5) —0.6 V to +11.0 V 
DC Output or I/O Pin Voltage —0.5VtoVcc+0.5V i : ae 2 - 
apres: 1. Military products are tested at Tc = +25°C, +125° 

Static Discharge Voltage 2001 V and -55°C, per MIL-STD-883. 
Latchup Current 

(Ta = -55°C to +125°C) 100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


iN ve aa over MILITARY operating ranges unless otherwise specified 
Note 2 


Parameter 
—_— Parameter Description _Test Conditions 
Output HIGH Voltage lon =-2.0MA Vin = Vin or Vit 2.4 
Vec = Min. 
VoL | Output LOW Voltage lo. =12mMA Vin = Vin or Vit 0.4 V 
| | Vcc = Min. 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 V 
Voltage for all Inputs (Note 3) 
Input LOW Voltage Guaranteed Input Logical LOW | V 
Voltage for all Inputs (Note 3) 
|__| Input HIGH Leakage Current. | Vin=5.5V, Vcc =Max.(Note4) [| [| 10] pa | 
Input LOW Leakage Current | Vin = 0 V, Vcc =Max. ote 4 4) oar ara #4 


~ Off-State Output Leakage Vout = 5.5 V, Voc = Max. 
Current HIGH Vin = Vin or Vit (Note 4) 4) 
loz Off-State Output Leakage Vout = 0 V, Vcec = Max. 40 
Current LOW Vin = Vinor Vit (Note 4) 
Output Short-Circuit Current Vout =0.5V Vcc = Max. —30 -—150 mA 
(Note 5) 
Supply Current Vin= 0 V, Outputs Open mA 
(lout = 0 MA), Vcc = Max. | | 


Notes: 
2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 


3. Vit and Vin are input conditions of output tests and are not themselves directly tested. Vi_ and Vin are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 














4. W/O pin leakage is the worst case of li, and loz, (or lin and lozn). 

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected. 





2-256 PALCE22V10H-25/30 (Mil) 


CAPACITANCE (Note 1) 


Parameter 

Symbol Parameter Description Test Conditions 
Input Capacitance Vin = 2.0 V 
Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 






SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 


Parameter 
Symbol | Parameter Description Max. eee wa | 


| tp Input or Feedback to Combinatorial Output 

tr 
| taaw ith ( 
___tser 

twe | 

twH 

tea 













4 
© 


— | nN 
© |© oO 
ouk, 
Oo 
=) 
a 





30 


B 
OT 


taRw Asynchronous Reset Width (Note 4) 
Asynchronous Reset Recovery Time (Note 4) 


Synchronous Preset Recovery Time 

ae ae 

| tw HIGH 

pte Maximum External Feedback| /(ts + tco) 
A ) 


fax Frequency 
(Note 5) Internal Feedback 26 


25 


‘ 
BG 


po ja fa 
Ory; 
NO NO 
ye) 
Oo 


Input to Output Enable Using Product 
Term Control (Note 4) 


Input to Output Disable Using Product 
Term Control (Note 4) 












Notes: 


2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 7, 8, 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. Calculated from measured fmax internal. 


4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where these parameters may be affected. 


5. These parameters are not 100% tested, but are calculated at initial characterization and at any time 
the design is modified where frequency may be affected. 
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SWITCHING WAVEFORMS 














Input or Input or 
Feedback Vr Ecuback 
tpp 
Combinatorial 
Output VT Clock VT 
12015-010A ico 
Combinatorial Output Registered : 
Output i 
12015-012A 
Registered Output 
CLK 
ts + tcF f ie eee a ERS i eras | 
| | 
Clock VT | : 
| | | 
| | 
12149-025A | | | 
Clock to Feedback (fmax Internal) e = 
See Path at Right 
Input 
tWH 
Clock 
a Output 
tWL 
12015-011A 12015-013A 
Clock Width input to Output Disable/Enablie 
Input t _ Input 
Asserting | — Asserting 
Asynchronous ! Synchronous 
Reset Preset 
tAR —> 
Registered vy’ | 
Output MAA/V\ \™ Clock 
tARR 
Registered 
oe | VT Output VT 
13003-006A | 13003-007A 
Asynchronous Reset Synchronous Preset 
Notes: 
Ts Vr = 1.5 V. 
2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2—5 ns typical. (2-4 ns for 22V10-10) 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Change Will be 
from HtoL Changing 
from H to L 


May Change Will be 


from L to H Changing 
from L to H 


Don’t Care; Changing, 
Any Change State 
Permitted Unknown 


Center Line 
Does Not is High- 
Apply Impedance 

“Off” State 





KS000010-PAL 
SWITCHING TEST CIRCUIT 


5V 


Ry 
Output Test Point 
; i ; 


12350-019A 


Measured 
| Specification c. {| Ri | Re | Ri | Output Value 


Closed 
Z — H: Open 50pF | 300Q2 | 3902 | 3900 | 750Q | 15V 
Z —L: Closed CMOS: | CMOS: 


| 
ter H -»Z: Open 5 pF 338Q | 2482 | H-57:Voy-0.5V 
L -»Z: Closed LZ: Vo. +0.5V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 
Bipolar Devices Only 





Typical Input Typical Output 
Vee ' 
~ “CC 
40 2 NOM 
[> 9 Output 
Program/Verify 
Circuitry 
sae Program/Verify/ 
pj Test Circuitry 
ins 
12468-017A Preload 
Circuitry 
—_ 12468-018A 
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ENDURANCE CHARACTERISTICS 


The PALCE22V10 is manufactured using AMD's ad- parts. As a result, the device can be erased and 
vanced Electrically Erasable process. This technology reprogrammed — a feature which allows 100% testing at 
uses an EE Cell to replace the fuse link used in bipolar the factory. 


Endurance Characteristics 


Symbol 


Min. Pattern Data Retention Time 


Test Conditions | 
Years Max. Storage 
Temperature 
20 Years Max. Operating 
| | Temperature (Military) 
io Min. Reprogramming Cycles Pe ae Normal Programming 


Conditions 
INPUT/OUTPUT EQUIVALENT SCHEMATICS 
CMOS Devices Only 















ESD __— Program/Verify iad 
Protection Circuitry 


Input 


Vcc 





Preload Feedback 
= Circuitry Input 


Output 12197-013A 
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OUTPUT REGISTER PRELOAD 


Bipolar Devices Only 4. Clock pin 1 from Vip to Vinp. 
The preload function allows the registers to be loaded 5. Remove Vitp/Vinp from all registered output pins. 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 6. Lower pins 2 and 3 to Vite. 
states. The pr re for preloading follows. : 
ates UNS piIQge Cu. 2 ter preioaana tenons 7. Enable the output registers according to the 
1. Raise Vcc to 5.0 V+0.5 V. programmed pattern. 
2. Setpins 2 and 3 (and 13 for AMPAL22V10/A) to Van 8. Verify VoL/Von at all registered output pins. Note that 
to disable outputs and enable preload. the output pin signal will depend on the output 


; polarity. 
3. Apply the desired value (Vitp/Vinp) to all registered 


output pins. Leave combinatorial output pins 
floating. 


Parameter 
Symbol Parameter Description 


Super-level input voltage 











CE CL 
2 
[tof Delaytime SSCS 0200-1000 






Pins 2, 3 
(and 13 for 
AmPAL22V10/A) 


Registered 
utputs 


Clock 


14004-002A 


Output Register Preload Waveform 





2-262 PAL22V10 


OUTPUT REGISTER PRELOAD 


CMOS Devices Only 4. Clock pin 1 from Vitp to Vinp. 
The preload function allows the registers to be loaded 5. Remove Vitp/Vinp from all registered output pins. 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 6. Lower pin 5 to Vip. 
states. The procedure for preloading follows. 
P . P cre 7. Enable the output registers according to the 
1. Raise Vcc to 5.0V+0.5 V. programmed pattern. 
2. Set pin 5 to Voy to disable outputs and enable 8. Verify Vot/Vou at all registered output pins. Note that 
preload. the output pin signal will depend on the output 


polarity. 
3. Apply the desired value (Vitp/Vinp) to all registered 


output pins. Leave combinatorial output pins 
floating. 


Parameter 
Symbol Parameter Description 


Super-level input voltage 9.5 
Low-level input voltage 






HH | 
|__tesy___| Data Setup Prior to Applying Preload Latch Pulse | 1.0 | 1.0" __ 
| teow | DataHoldAfterLatchPulse | 
[tex | Mode Hold AfterLatchPuse——SOS~S~S~S~SsSCiC SY 
Latch Pulse Width | 


V/O Valid After Pin 5 Drops from Vin to TTL Levels El 


dvr | 





' Vu Falling Slew Rate (Pin 5) || 20 | 90 | vas 


* Recommended value is as close to 1.0 us + tolerance as practical, but not less than 1.0 us. 






SSS VHH 
Pin 5 
ViLP 
tPLD 
tPLD tPH ) tvo 
: — wa SSS —j———— VHP 
Registered 1 _} CELE VOH 
utputs | WWAAN Vol 
aa SSS Se VILP 
tpsu e—> 1PDH V 
aa a a a IMP 
Clock 
tpw ViLP 


14004-003A 


Output Register Preioad Waveform 
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POWER-UP RESET 


The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 


The output state will depend on the programmed pat- 


tern. This feature is valuable in simplifying state ma- 
chine initialization. A timing diagram and parameter ta- 
ble are shown below. Due to the synchronous operation 
of the power-up reset and the wide range of ways Vcc 





Power-up Reset Time 





4V 
Power 
tpr 


Registered 
Active-Low 
Output 


Clock 


Parameter 
Symbol Parameter Description | | | 


| ts | ‘Input or Feedback Setup Time | | See Switching - | 
Clock Width LOW | Characteristics 


can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 


1. The Vcc rise must be monotonic. 


2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed- 
back setup times are met. 


: 
a 


Bipolar 








CMOS 






Vec 


12350-024A 


twi 


Power-Up Reset Waveform 
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UCU COM’L 


PALCE22V102Z-25 


Zero Standby Power 24-pin EE CMOS Versatile PAL® Device 


DISTINCTIVE CHARACTERISTICS 
m Zero standby power allows battery operation 


m 10 macrocells programmable as registered or 
combinatorial, and active high or active low to 
match application needs 


@ Varied product term distribution allows up to 
16 product terms per output for complex 
functions 


™ Easy design with PALASM® software 


GENERAL DESCRIPTION 


The PALCE22V10Z is a zero standby power version of 
the popular PAL22V10 programmable logic device. 
Zero standby power (100 uA max) and low operating 
power allow the PALCE22V10Z to be used in battery- 
powered systems. The PALCE22V10Z is pin-compat- 
ible with the other PAL22V10 devices. 


The PALCE22V10Z utilizes Advanced Micro Devices’ 
advanced low-power, high-speed EE CMOS technol- 
ogy. The device provides user-programmable logic for 
replacing conventional SSI/MSI gates and flip-flops at a 
reduced chip count. 


The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 


BLOCK DIAGRAM 
\ CLK/Ip 
i 






OUTPU OUTPU Goan | Toa Le yee 
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F MACRO T +p “zh Pisce H “Zh cae 
-z CELL =z CELL CELL 


V y, V/ V7 


¢ ¢ 6 9 ) 
\/ M/ M \A % 


VOo VO; VO2 VO3 VO4 


U.S. and foreign patents owned by Advanced Micro Devices. 


+p rae 


fe 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is in- 
tended to help you evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without 
notice. PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. This part is protected by various 


| 
\ 
Advanced 


Micro 
Devices 


= Global asynchronous reset and synchronous 
preset for initialization 


m Power-up reset for initialization and register 
preioad for testability 


m Programmable on standard PAL device 
programmers 


@ 24-pin SKINNYDIP® and 28-pin PLCC 
packages save space 


terms, while the OR array sums selected terms at the 
outputs. 


The product terms are connected to the fixed OR array 
with a varied distribution from 8 to 16 across the outputs 
(see Block Diagram). The OR sum of the products feeds 
the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial, and active 
high or active low. The output configuration is deter- 
mined by two bits controlling two multiplexers in each 
macrocell. 


The entire PAL device family is supported by the 
PALASM software package. The PAL family is program- 
med on conventional PAL device programmers with ap- 
propriate personality and socket adapter modules. 


\) ly Iny 


Fh 


Programmable 
AND Array 
(44 x 132) 
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AmPAL23S8-20/25 Advanced 
20-Pin PAI® Device-Based Sequencer Devices 





DISTINCTIVE CHARACTERISTICS 


@ 14 Registers 
~ 4 Output Logic Macroceils 
- 4 Output Registers 
~ 6 Buried State Registers 

@ 23 possible array inputs and 8 outputs in a 20-pin 
package 

@ 33-MHz external/40-MHz internal cycle time 

® Variable product term (PT) distribution for increased 
design flexibility 

@ Asynchronous and synchronous outputs supported for 
both Mealy- and Moore-type state-machine implementa- 
tions 





GENERAL DESCRIPTION 


The AmPAL23S8 is the first programmable array logic 
(PAL)-based sequencer device. It utilizes the familiar sum- 
of-products (AND-OR) logic structure, allowing users to 
customize logic functions by programming the device for 
specific applications. The AmMPAL23S8 combines the ease 
of use of the familiar 20-pin PAL devices with the advanced 
"'macrocell'’ concept introduced in the AmMPAL22V10, as 
weil as six Buried State Registers (BSRs). 


The AmPAL23S8 provides up to twenty-three array inputs 
and eight outputs. Four of the outputs are Output Logic 
Macrocells (OLMs) capable of being individually programmed 
as ‘'combinatorial'’ or "'registered,"' with active-HIGH or 
active-LOW polarity on each output. The other four are 
"registered" outputs, also capable of being programmed for 
active- HIGH or LOW polarity. All the flexibility on the outputs 
result in the simplification of logic design. The need to 
perform ''DeMorgan's Law'' on equations to have them fit 
into a PAL device is now a thing of the past. Each of the eight 
output registers can also be used dynamically as an input or 
output for greater design flexibility. 





BLOCK DIAGRAM 


® Individually user-programmabie Output Enable (OE) PTs 
with polarity control 

@ PTs for observing the buried registers on 6 of the 
output pins 

@ Separate PTs for common Synchronous PRESET 
and common Asynchronous RESET of all registers 

@ PRELOAD available on all registers for added test 
capability 

® 99.9% post programming functional yield (PPFY) 

@ Platinum-Silicide fuse technology produces the most 
reliable bipolar programmable devices available 
today 


The AmMPAL23S8 also offers designers increased flexibility 
and control over Output Enable (OE) functions. Each output 
is logically controlled by an OE product term (PT), with 
programmable OE polarity control. This allows the designer 
to use more complex control than previously available. 


The six BSRs provide designers with enhanced logic power 
for sequencer applications. These registers are not only 
available to the system designer for use in sequencer 
applications (without the expense of a valuable I/O pin), but 
they may also be observed on the output pins during test. 
The observability of these registers on a programmable- 
logic sequencer adds to the list of features which make this 
device unique, simple to design with, and simple to debug. 


System operation has been enhanced by. the addition of 
Synchronous PRESET and Asynchronous RESET PTs. The 
AmPAL23S8 also incorporates the unique capability of 
PRELOADing the eight output registers and the BSRs to 
any desired state during testing. This is essential to permit 
full logical verification during test. 


Inputs 


Common Clock 9 


Programmable AND Array 
" x ral Eui 


p D > TED a || 
| | fava ae aie Q/a 
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MN I a 
erence ence een? 
06800 
Buried Registers Output Logic Output Registers ay 
Macrocelils 


PAL is a registered trademark of Advanced Micro Devices. 
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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CONNECTION DIAGRAM 


Top View 
DIP 
20 |__|} Yec 
yor Pin Description 
05 Vcc = Supply Voitage 
GND = Ground 


CLOCK = Clock Pin 
lo — !g = Dedicated Input Pins (9) 
|_} 03 \/Og - 1/07 = Bidirectional 1/O Pins (8) 





CD009870 


Note: Pin 1 is marked for orientation. 2 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: A. Device Number 

B. Speed 

C. Package Type 

D. Operating Conditions 

E. Optional Processing 





AMPAL23S8 -20 P Cc 
E. OPTIONAL PROCESSING 

Blank = Standard processing 

D. OPERATING CONDITIONS 
C = Commercial (0 to + 75°C) 

C. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
D = 20-Pin Ceramic DIP (CD 020) 

B. SPEED 
-20 = 20 ns 
-25 = 25 ns 

A. DEVICE NUMBER/DESCRIPTION 


AmPAL23S8 
20-Pin IMOX PAL-Based Sequencer 


| Valid Combinations 
AMPAL23S8-20 PC, DC | 
| AMPAL23S8-25 PC, DC 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
AMD sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 


Note: Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 


The AmPAL23S8 is an advanced bipolar programmable array 
logic (PAL)-based sequencer. It contains a programmable 
array organized in the familiar sum-of-products structure. The 
structure of this device makes it particularly ideal for state 
machine applications. Any design which employs the use 
of complex state functions is a prime candidate for the 
AmPAL23S8. 


The block diagram on the first page shows the basic archi- 
tecture of this device; a maximum of 23 array inputs and 8 
outputs are available. The inputs are connected to a program- 
mable AND array containing 135 product terms (PTs), of 
which 124 are logical PTs and 11 are control PTs. Before 
programming, the AND gates are connected to both the true 
and complement of every input. By selectively programming 
fuses, the AND gates may be connected to only the true input, 
the complement input, or to neither type of input, establishing 
a logical ''don't care ''. When both the true and complement 
fuses are left intact, a logical FALSE results on the output of 
the AND gate. An AND gate with all fuses blown will assume 
the logical TRUE state. The outputs of the AND gates are 
connected to OR gates. 


Variable Product Term (PT) Distribution 


The number of AND gates assigned to each OR gate varies in 
a fixed manner for each output as shown in the logic diagram 
(Figure 5). The OR gate outputs feed dedicated registers and 
macrocells. Each OR gate averages approximately ten PTs for 
output registers and macrocells. This gives the capability of 
using from eight to twelve logical PTs on one output in a single 
clock cycle (no feedback necessary). Buried state registers 
(BSRs) have an average of eight PTs per OR gate, providing 
the capability of using from six to ten logical PTs in one BSR in 
a single clock cycle. 


Variable Output Architecture: Output Logic 
Macrocells (OLMs) 


An innovation in logic design is the implementation on the 
AmPAL23S8 of variable output architecture on four of the 
outputs. These Output Logic Macrocells (OLMs) are user 
programmable for a great deal of design flexibility. Each of the 
four OLMs can be independently programmed for eight 
distinct configurations. The outputs can be either ''registered" 
or ''combinatorial;"’ they can also be individually programmed 
for active-HIGH or active-LOW polarity. Finally, the feedback 
paths which feed through the multiplexer back to the AND 
array Can be programmed so that they originate either from 
the register or from the I/O pin. From the feedback multiplexer 
both the true and compiement of the output going back to the 
array are available. All possible configurations of the OLMs are 
illustrated in Figures 4-1 through 4-8. For maximum flexibility, 
selection of output polarity and feedback path are kept 
independent of each other. 


Output Registers 


In addition to the four OLMs on the AmPAL23S8, there are 
also four output registers. The data on the output registers 
may be fed back to the array. When the output is disabled, the 
pin may be used as an external input. Since each of the eight 
outputs can obtain feedback from the pins associated with 
them, all eight of them provide the advantage of being usable 
dynamically as either inputs or outputs, significantly increasing 
design flexibility and possibilities. 


Buried State Registers (BSRs) 


The six observable Buried State Registers are one of the key 
features of the AmMPAL23S8. All BSR outputs are fed back to 
the AND array, but they do not use up an output pin. The state 
of each BSR is, however, observable on an associated output 
pin by activating the user-programmable Observability 
product term as well as the appropriate Output Enable 
product term. 


The extensive user-programmable flexibility enhances the 
usefulness of this device for different types of state machine 
implementations. The possibility exists to create both the 
Mealy and Moore type of design in the same device. 


Programmable Output Polarity 


Each output has a user-programmable output polarity fuse 
which, when blown, indicates that the output will be active 
HIGH, and when intact, active LOW. The obvious benefit of 
this enhancement is the increased flexibility of design. With 
the choice of output polarity, there is no need to DeMorganize 
equations to fit the device, allowing for more efficient designs 
both in terms of the amount of time spent in design as well as 
effective utilization of the device. 


For further enhancement of the increased logic power of the 
AmPAL23S8, each output has a PT to control Output Enable 
(OE) with programmable polarity. 


PRESET/RESET 


To improve functionality at the system level, the AmPAL23S8 
has additional RESET and PRESET PTs. One PT controls 
Output Register and BSR PRESET, and one PT controls the 
RESET for these registers. When the Synchronous PRESET 
PT is asserted (HIGH), all registers are loaded with a HIGH on 
the next LOW-to-HIGH ciock transition. When the Asynchro- 
nous RESET PT is asserted, all registers are immediately 
loaded with a LOW, independent of the clock. These functions 
are particularly useful for applications such as system power- 
up and RESET. 


PRELOAD 


In order to simplify testing, the AmPAL23S8 is designed with 
PRELOAD circuitry that provides an easy method for testing 
logical functionality. PRELOAD allows any arbitrary "present 
state" values to be loaded into the OLMs, BSRs and Output 
Registers of this device. OLM Registers and BSRs are 
PRELOADed in separate cycles, allowing them to be PRE- 
LOADed with different values. Logic verification sequences 
can be significantly shortened, and all possible state se- 
quences tested, reducing test time and development costs, 
and guaranteeing proper functionality in system. 


A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. To verify 
these transitions requires the ability to set the state registers 
to an arbitrary ‘present state'' value and to set the device 
inputs to any arbitrary ‘present input’ value. Once this is 
done, the state machine is then clocked into a new state, or 
"next state," which can be checked to validate the transition 
from the ‘present state.'' In this way, any state transition can 
be checked. 


It is obvious that to attempt the debugging of a design using 
BSRs without the benefit of PRELOAD capability would be 
quite difficult. The combination of this feature and the BSRs 
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being observable is virtually indispensible for efficient and 
trouble-free state machine design. 


Observability 


This extra ease of debugging the design comes from the 
use of the Observability (OBS) PT. The outputs must first 
be enabled according to the programmed pattern. When 
the OBS PT is selected, it disables all the Output Registers 
and Macrocell buffers, and enables the BSR buffers onto 
the output pins 13 through 18. When the OBS PT is not 
selected, the Output Registers and Macrocell buffers are 
enabled and the BSR buffers are disabled. When all the 
fuses for this PT are intact, (i.e., OBS is not selected), the 
data from the BSRs will not be visible on the output pins, 
and the Output Registers and OLMs will be enabled. 


Processing and Fuse Technology 


The AmPAL23S8 is manufactured using Advanced Micro 
Devices’ IMOX oxide isolation process. This advanced 
















process permits an increase in density and a decrease in 
internal capacitance resulting in the fastest possible 
programmable logic devices. 


The AmPAL238S8 is fabricated with AMD's fast programming, 
highly reliable Platinum-Silicide fuse technology. Utilizing an 
easily implemented programming algorithm, these products 
can be rapidly programmed to any customized pattern. Extra 
test words are preprogrammed during manufacturing to en- 
sure extremely high field programming yields ( > 98%), and 
provide extra test paths to achieve excellent parametric 
correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large, noncon- 
ductive gaps that ensure very stable, long term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers high reliability for fusible link pro- 
grammable logic. 
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| | 
I CLK | 
P7, P7, Pg, Pg | | 
| | 
| I 
| | 
| [ 
am | 
| , AR Common Asynch Reset 
| | SP Common Synch Preset 
| S3 * j OBS Common Observability 
Le a a tet as Se mi) Term 
OUTPUT ENABLE POLARITY 
0 ENABLED HIGH 08207-001A 
| ENABLED LOW 
[si] s2]s3] | OUTPUT CONFIGURATION 


| 0 | 0 | 0 | ACTIVE LOW/REG/REG FEEDBACK 
| 9 | 0 | 1 | ACTIVE LOW/REG/IO FEEDBACK 
| 0 | 1 | 0 | ACTIVE LOW/COMB/REG FEEDBACK _ 








| o | 4 | 1 | ACTIVE LOW/COMB/IO FEEDBACK 

| 1 | 0 | 0 | ACTIVE HIGH/REG/REG FEEDBACK | 
| 1 | 0 | 4 | ACTIVE HIGH/REG/IO FEEDBACK 

| 4 | 1 | 0 | ACTIVE HIGH/COMB/REG FEEDBACK 

| 1 | 4 | 1 | ACTIVE HIGH/COMB/IO FEEDBACK 
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Figure 1. Output Logic Macrocell (OLM) 
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AR Common Asynch Reset 
SP Common Synch Preset 
OBS Common Observability 
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08207-002A 
| So | OUTPUT ENABLE POLARITY OUTPUT CONFIGURATION 
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Figure 3. Buried State Register (BSR) 
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08207-004A 08207-005A 


Output Output 
Active Low S1=0 Active Low S;=0 
Registered S2=0 Registered S2=0 
Feedback Feedback 
Registered $3 = 0 /O Pin S3 = 1 


“ “ 2 





08207-006A 08207-007A 
Output Output 
Active Low S;=0 Active Low S;1=0 
Combinatorial So = 1 Combinatorial So = 1 
Feedback Feedback 
Registered $3 =0 1/0 Pin $3 = 1 
4-3 4-4 


Figure 4. Possible Configurations of the Output Logic Macrocells (OLMs) 





AmPAL23S8-20/25 2-271 





08207-008A 


Output 
Active High Si =1 
Registered S2=0 


Feedback 
Registered $3 =0 
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Output 
Active High 9S; = 1 
Combinatorial Se = 1 


Feedback 
Registered S3 = 0 
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Output 
Active High = S; = 1 
Registered S2 = 


Feedback 
1/0 Pin S3 = 1 
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08207-011A 


Output 
Active High S; =1 
Combinatorial So = 1 


Feedback 
1/0 Pin S3 = 1 


4-8 


Figure 4. Possible Configurations of the Output Logic Macrocells (OLMs) (Continued) 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with ~ Supply Voltage (Vcc) 

Respect to Ground —0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —0.5 V to +5.5 V 


Operating ranges define those limits between which the func- 
DC Output or /O Pin Voltage -0.5 V to Vcc Max. tionality of the device is guaranteed. 


DC Input Current -—30 mA to +5 mA 

Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 


mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 


specified 
Parameter Description Test Conditions ie § ae ie! 


Parameter 
Symbol 
Output HIGH Voltage loo = -3.2 MA Vin = Vin Or Vit 2.4 V 
Vcc = Min. | 











| Output LOW Voltage lo=16mMA Vin=VinorVin 0.5 
Vcc = Min. 


VOH 
1 Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 V 
Voltage for all Inputs (Note 1) 
Vit Input LOW Voltage Guaranteed Input Logical LOW V 
Voltage for all Inputs (Note 1) 
Input Clamp Voltage lin= —18 MA, Vcc = Min. > <seehenh 
| tu | Input HIGH Current Vin = 2.7 V, Voc = Max. (Note 2) | | 25 | A 


Input LOW Current Vin = 0.4 V, Vcc = Max. (Note 2) | | -250 
Maximum Input Current | Vin = 5.5 V, Voc = Max. en ee eS 


lozH Off-State Output Leakage | Vout = 2.7 V, Vcc = Max. 100 | WA 
Current HIGH Vin = Vinor Vit (Note 2) 
lozt Off-State Output Leakage Vout = 0.4 V, Voc = Max. ~100 | LA 
Current LOW Vin = Vinor Vit (Note 2) 
Output Short-Circuit Current Vout = 0.5 V, Voc = Max. (Note 3) | -30 | -90 | ma | 


lec Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) 210 | mA 
| | Vcc = Max. 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 









2. l/Opin leakage is the worst case of Ii, and lozt (or liq and loz). 


3. Notmore than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


| Parameter 
Symbol Parameter Description Test Conditions Typ. 


Input Capacitance | Pins 1,11 | Vin = 2.0 V Voc = 5.0 V 
| Ta = +25°C 
Output Capacitance Vout = 2.0 V 


f= 1 MHz 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
Symbol | Parameter Description 


Input or Feedback to Combinatorial Output 
Setup Time from Input, Feedback, or SP to Clock 








nit 





a a) 


ts 
tcr 
tar | 


oe 
nM I1n 


<ic a 
oOfr2 {LZ a nN 
N TN 


| 


Asynchronous Reset to Registered Output 


Asynchronous Reset Width 
| tana | Asynchronous Reset Recovery Time 
Ea tWe a Clock Width 
HIGH | 
Maximum External Feedback | 1/(ts + tco) 


aN | 
ter | Chote Feedback (Note) 
— } 


N —_* ie) 
O1 Go co) 


| oli laltatrltn no 
Oil-~inin~falta ro) 
oO | 
Nm 1p wiaja no 


Frequency 
Note 4 | Internal Feedback | 1/(ts + tcr) 


Input to Output Enable Using Product Term Control 
Input to Output Disable Using Product Term Control 


5 


NM 
E 


=) 
n 


HO fj | FMT M — 
OWN IMTOO] oO N 





be 
oT 





Notes: 
2. See Switching Test Circuit for test conditions. 
3. Calculated from measured clock to combinatorial output. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 














Input or Input or 
Feedback Vr eck 
tpp 
Combinatorial Vr 
Output Clock 
12015-010A 
Combinatorial Output Registered ? 
Output T 
12015-012A 
Registered Output 
CLK 
Fa il ato eS 
| — i 
Clock VT | 
| REGISTER 
tcF + tppD | | | 
| 
Combinatorial 
Output Vr | | 
lai Lai eS anion Ga ea amv eae ae 4 
08207-012A 
Clock to Feedback a la 
See Path at Right 
tWH 
Clock Vr VT Input 
tWe 
12015-011A Output 
Clock Width 
12015-013A 
Input to Output Disable/Enable 
Asynchronous 
Reset 
Registered 
Output 
Clock Vr 
08207-014A 
Notes: Asynchronous Reset 
1. Vr=1.5V 


2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2—5 ns typical. 


exteretcnetres yi A SS SSS ETS TS ST SS ee SS 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 
Change Changing 
from L to H from L to H 


Don't Care; Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 
Apply Line is High- 


impedence 
“Off” State 
KS000010-PAL 





SWITCHING TEST CIRCUIT 


5V 


$1 


R 


Output Test Point 


< = 12350-019A 


| Measured 
| Specification | Cc | Output Value 


t 
| Z—>L:Closed | 300Q | 3900 | 
| | —+Z: Closed L—>2Z:Vo.r+0.5V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 





Typical Input 
bei 
Input 
12350-020B 
Program/Verify 
Circuitry 
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Typical Output 


2 Voc 


40 2. NOM 


Observability 
Circuitry 


9 Output 


Input, 
/O 
Pins 


Program/Verify/ 
Test Circuitry 


Preload 
Circuitry 


; 
\ 


08207-015A 
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HEGISTEN PRELOAD 

All AMPAL23S8 registers are provided with circuitry to allow 
loading each register synchronously with a HIGH or LOW. 
Output/macrocell registers and buried state registers are 
PRELOADed in separate cycles allowing output/macrocell 
registers and buried state registers to be PRELOADed with 


tp to i) 


different values. PRELOAD will simplify testing since any state 
can be loaded into the registers to control testing sequences. 
The pin levels and timing necessary to perform the PRELOAD 
function are detailed below. 


pb to ty 


Vi 
Pec RO TEAL Se ee 8 ea Ses MD a NE es ee Bee TE Ee a eR fa EESTI, SET OO AEA, 
TRIES 


PIN 1 


. ~~ ~ 
a ae | 


£ 


REGISTERED N ( N 
OUTPUT Vite 


CHOOSE TO PRELOAD PRELOAD OUTPUTS PRELOAD 
BURIED REGISTERS ENABLED FORCED DATA 
OR OUTPUT/MACRO OUTPUTS TO Vinp CLOCKED 

REGISTERS DISABLED OR Vi p IN 






Output/Macro 








Register | Level Forced on Register 
Selection 


Vou 
OUTPUT PRELOAD 
FORCING DISABLED 
VOLTAGE 
REMOVED 


Output Pin During Register State 


PRELOAD Cycle ene ie 





WF022292 


Output Register Preload Waveform 
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POWER-UP RESET 


The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will depend on the programmed con- 
figuration. This feature is valuable in simplifying state 
machine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous opera- 
tion of the power-up reset and the wide range of ways 
Vcc can rise to its steady state, two conditions are re- 








4V 
Power 


tpr 


Registered 
Active-Low 
Output 


Clock 


ag ee 
Symbol Parameter Description 
|__ter | PowerupResetTime T1000 


quired to ensure a valid power-up reset. These condi- 
tions are: 


1. The Vcc rise must be monotonic. 


2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed- 


back setup times are met. 







Vec 


{We 
12350-024A 


Power-Up Reset Waveform 
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PAL24R10-10 Series 


10 ns 28-pin TTL Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 

=@ 10ns maximum propagation delay 

Mm fuax = 55.5 MHz 

=@ 8&8 ns maximum from clock input to data output 
@ Center Vcc and GND pins provide clean 
signals 

28-pin version of popular architectures: 
24L10, 24R10, 24R8, 24R4 


™@ Programmable replacement for high-speed 
TTL logic 


GENERAL DESCRIPTION 


The PAL24R10-10 Series (PAL24L10-10, 
PAL24R10-10, PAL24R8-10, PAL24R4-10) is a high- 
speed 28-pin version of the standard PAL16R8 and 
PAL20R8 Series. With a 10-ns maximum propagation 
delay time, the PAL24R10-10 Series provides high 
speed ina 28-pin TTL PAL device family, making the se- 
ries ideal for high-performance applications. The 
PAL24R10-10 Series adds two more inputs and two out- 
put or I/O pins to the standard 20R8 Series to take ad- 
vantage of all the pins in the 28-pin PLCC package. 


The family utilizes Advanced Micro Devices’ advanced 
oxide-isolated bipolar process and fuse-link technology. 
The devices provide user-programmable logic for re- 
placing conventional SSI/MSI gates and flip-flops at a 
reduced chip count. Power and ground have been 
placed on the center pins of the device, a configuration 
that minimizes ground bounce. 


The family allows the systems engineer to implement 
the design on-chip, by opening fuse links to configure 
AND and OR gates within the device, according to the 
desired logic function. Complex interconnections be- 
tween gates, which previously required time-consuming 
layout, are lifted from the PC board and placed on sili- 
con, where they can be easily modified during prototyp- 
ing or production. 


PRODUCT SELECTOR GUIDE 






DEVICE 
PAL24L10-10 








8 comb. 
2 comb. 
ee 
8 a 
2 comb. 
4 reg. 
6 comb. 


PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 


PAL24R10-10 
PAL24R8- 10 


PAL24R4-10 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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DEDICATED PRODUCT TERMS/ 
INPUTS | OUTPUTS OUTPUT —— ENABLE 


cr 


Advanced 
Micro 
Devices 


Power-up reset for initialization 
Register preload for testability 
Easy design with PALASM® software 


Programmable on standard PAL® device 
programmers 

28-pin SKINNYDIP® and PLCC packages save 
space 


The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. In addition, the PAL device provides the follow- 
ing options: 


— Variable input/output pin ratio 
— Programmable three-state outputs 
— Registers with feedback 


Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any singie input assume the logical LOW 
state. Registers consist of D-type flip-flops that are 
loaded on the LOW-to-HIGH transition of the clock. Un- 
used input pins should be tied to Vcc or GND. 


The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro- 
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod- 
ules. Once the PAL device is programmed and verified 
an additional fuse may be opened to prevent pattern 
readout. This feature Secures proprietary circuits. 
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BLOCK DIAGRAMS 
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CONNECTION DIAGRAMS 
Top View 


SKINNYDIP 


I14 

lg 

(NOTE 12) 
(NOTE 11) 
| (NOTE 10) 
(NOTE 9) 
(NOTE 8) 
GND 
(NOTE 7) 
(NOTE 6) 
(NOTE 5) 
(NOTE 4) 
(NOTE 3) 
(NOTE 2) 
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Pin 1 is marked for orientation. 


PIN DESIGNATIONS 


CLK Clock 

GND Ground 

| Input 

VO Input/Output 
O_ Output 

OE Output Enable 
Vec Supply Voltage 


PAL24R10-10 Series 





|} (NOTE 11) 


(NOTE 10) 


] (NOTE 9) 


(NOTE 8) 


GND 
(NOTE 7) 
(NOTE 6) 


12721-006A 


2-285 





ORDERING INFORMATION 
Commercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 


b. Number of Array Inputs 
c. Output Type 

d. Number of Outputs 

e. Speed 

f. Package Type 

g. Operating Conditions 
h. Optional Processing 













PAL 24 R10-10P C 





FAMILY TYPE 
PAL = Programmable Array Logic | 

up a 
NUMBER OF OPTIONAL PROCESSING 
ARRAY INPUTS Blank = Standard Processing 
OUTPUT TYPE g. OPERATING CONDITIONS 


R = Registered C = Commercial (0°C to +75°C) 


L = Active-Low Combina 






| Plastic SKINNYDIP (PD3028) 
Leaded Chip Carrier (PL 028) 





Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 


PC, JC | check on newly released combinations. 
PAL24R8-10 





PAL24R4-10 Note: Marked with AMD logo. 
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PAL24R10-10 Series 


FUNCTIONAL DESCRIPTION 
Standard 28-pin PAL Family 


The standard bipolar 28-pin PAL family devices have 
common electrical characteristics and programming 
procedures. Four different devices are available, includ- 
ing both registered and combinatorial devices. All parts 
are produced with a fuse link at each input to the AND 
gate array, and connections may be selectively re- 
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo- 
rithm, these products can be rapidly programmed to any 
cusiomized paitern. information on approved program- 
mers can be found in the Programmer Reference Guide. 
Extra test words are pre-programmed during manufac- 
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 


Variable Input/Output Pin Ratio 


The registered devices have fourteen dedicated input 
lines, and each combinatorial output is an I/O pin. The 
PAL24L10-10 has sixteen dedicated input lines, and 
eight of the ten combinatorial outputs are I/O pins. Buff- 
ers for device inputs have complementary outputs to 
provide user-programmable input signal polarity. Un- 
used input pins should be tied to Vcc or GND. 


Programmable Three-State Outputs 


Each output has a three-state output buffer with three- 
state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a 
function of any product of device inputs or output feed- 
back. The combinatorial output provides a bidirectional 
/O pin, and may be configured as a dedicated input if 
the buffer is always disabled. On registered outputs, an 
input pin controls the enabling of the three-state outputs. 


Registers with Feedback 


Registered outputs are provided for data storage and 
synchronization. Registers are composed of D-type flip- 
flops that are loaded on the LOW-to-HIGH transition of 
the clock input. 


Power-Up Reset 


All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PAL24R10-10 Se- 
ries will be HIGH due to the active-low outputs. The Vcc 
rise must be monotonic and the reset delay time is 1000 
ns maximum. 


Register Preload 


The register on the PAL24R10-10 Series can be 
preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature 
allows direct loading of arbitrary states, making it unnec- 
essary to cycle through long test vector sequences to 
reach a desired state. In addition, transitions from illegal 
states can be verified by loading illegal states and ob- 
serving proper recovery. 


Security Fuse 


After programming and verification, a PAL24R10-10 
Series design can be secured by programming the se- 
curity fuse. Once programmed, this fuse defeats read- 
back of the internal programmed pattern by a device 
programmer, securing proprietary designs from com- 
petitors. When the security fuse is programmed, the ar- 
ray will read as if every fuse is unprogrammed. 


Quality and Testability 


The PAL24R10-10 Series offers a very high level of 
built-in quality. Extra programmable fuses provide a 
means of verifying performance of all AC and DC pa- 
rameters. In addition, this verifies complete program- 
mability and functionality of the device to provide the 
highest programming yields and post-programming 
functional yields in the industry. 


Technology 


The PAL24R10-10 Series is fabricated with AMD’s ad- 
vanced oxide-isolated bipolar process. This process re- 
duces parasitic capacitances and minimum geometries 
to provide higher performance. The array connections 
are formed with proven TiW fuses for reliable operation. 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground —-0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —1.2 Vto Vcc +0.5V 


Operating ranges define those limits between which the func- 
DC Output or I/O Pin Voltage -0.5V to Vcc +0.5V tionality of the device is guaranteed. 


Static Discharge Voltage 2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


_Parameter Description 


















Parameter 
Symbol 


ll 
Oo 
a 


| Vco* Min. 
Vor “Vin = Vin or Vit 
Vec = Min. 
Vin 
| Voltage for all Inputs (Note 1) | | | 
Vit | Guaranteed Input Logical LOW | O8 | Vi | 
Voltage for all Inputs (Note 1) | 


lin = —-18 mA, Voc = Min. Ff te] Vv | 
Vin = 2.7 V, Voc = Max. (Note 2) | | 25 | pA 
Vin = §.5 V, Voc _= Max. || 100 | BA 


lozH Off-State Output Leakage Vout = 2.7 V, Vcc = Max. 
Current HIGH 






tH 


_| Vin = Vin or Vit (Note 2) 


loz. Off-State Output Leakage Vout = 0.4 V, Vcc = Max. ~ | -100 | 
Current LOW Vin = Vin or Vit (Note 2) | 


Output Short-Circuit Current | Vout = 0.5 V, Vcc = Max. (Note 3) 


Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) 
Voc = Max. 
Notes: 


1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. VOpin leakage is the worst case of lit and lozt (or liq and lozn). 
3. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 

Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Me 
Isc 
Ioc 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance Vin=2.0V 
Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 
























Ta = +25°C 
f= 1 MHz 





SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
Symbol Parameter Description 


c- Input or Feedback to | fF 
. . He, lip i 

Combinatorial Output ; Rd os — 

| ts _ | Setup Time from Input or Feedback to Clock th co a 

Hold Time . 


Maximum : ne) phe 
Frequency temnaly Bed: I/(ts + tcF) 


1/(twH + tw.) 





24L10, 24R8 
24R4 
Notes: 
2. See Switching Test Circuit for test conditions. 
3. Output delay minimums are measured under best-case conditions. 
4. Calculated from measured fyax internal. 
5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 


where the frequency may be affected. 
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SWITCHING WAVEFORMS 


Input or 
Feedback 





Clock 
Registered 
Output Vr 
12015-012A 


Registered Output 


CLK 






f 


12015-021A 


Input 


Output 





12015-013A 


Input to Output Disable/Enable 





12015-014A 


OE to Output Disable/Enable 


Input or 
Feedback VT 
tpp 

Combinatorial 

Output vv 

12015-010A 
Combinatorial Output 
ts + tcF 
Clock VT 
12149-025A 
Clock to Feedback (fmax Internal) 
See Path at Right 
tWH 
Clock VT 
tWL 
12015-011A 
Clock Width 
OE 
Output 

Notes: 
1.Vr=15V 


2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2—4 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 


Change Changing 
from L to H from L to H 


Don't Care; Changing, 
Any Change State 
Permitted Unknown 





Does Not Center 
Apply Line is High- 
Impedance 2 
“Off” State 
KS000010-PAL 
SWITCHING TEST CIRCUIT 
5V 
Ry 
Output Test Point 
; i ; 
~ i 12350-019A 


wd Measured 
c. Output Value 
Closed 


| tpzx, tea Z — H: Open 50 pF | 15V 
| ZoL Closed | ;  200Q 390 Q 


fete H —»Z: Open | 5 pF | »Z: Von - 0.5 V 
Ll —+Z: Closed L—>Z:Vo.+0.5V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 


Typical Input Typical Output 


Vcc a 9 Vcc 


40 2 NOM 


Input 


> 





9 Output 
Program/Verify 
Circuitry 
Input, Program/Verify/ 
VO Test Circuitry 
Pins 
12350-0208 Circuiy 
Circuitry 
1. 12721-011A 
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OUTPUT REGISTER PRELOAD 


The preload function allows the register to be loaded 4. Pulse pin 13 to Vun, then back to Vitp. 

from the output pins. This feature aids functional testing 

of sequential designs by allowing direct setting of output: 9--: Remove Vite/Vinp from all registered output pins. 

states. The procedure for preloading follows. 6. Lower OE to Vip to enable the output registers. 

1. Raise Vcc to Vecu. 7. Verify VoL/Vou atall registered output pins. Note that 

2. Set OE to Vinp to disable output registers. because of the output inverter, a register that has 
been preloaded HIGH will provide a LOW at the 

3. Apply either Vinp or Vi_p to all registered outputs. Use output. 


Vine to preload a HIGH in the flip-flop; use Vip to 
preload a LOW in the fiip-fiop. Leave combinatorial 
outputs floating. 


Parameter 
Symbol Parameter Description 











Vik 9.5 
Low-level input voltage | 05 | 
ots 


to Delay time 








VIHP 


ViLP 
VHH 


Pin 13 


ViLP 


Registered | Na VOH 
Output : \ WEL 


ViLP 





10294-004B 


Output Register Preload Waveform 
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POWER-UP RESET 


The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will be HIGH due to the inverting output 
buffer. This feature is valuable in simplifying state ma- 
chine initialization. A timing diagram and parameter ta- 
ble are shown below. Due to the synchronous operation 
of the power-up reset and the wide range of ways Vcc 









4V 
Power 


tpr 


Registered 
Active-Low 
Output 


Clock 


eg re 
Symbol Parameter Description 


can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 


1. The Vcc rise must be monotonic. 


2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed- 


back setup times are met. 


See Switching 
Characteristics 





Vcc 


tWe 
12350-024A 


Power-Up Reset Waveform 
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COM’L 


PALCE24V10H-15/25 


EE CMOS 28-Pin Universal Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 


™ Electrically erasable CMOS technology 
provides reconfigurable logic and full 
testability 


High speed CMOS technology 
— 15-ns propagation delay for “-15” version 
— 25-ns propagation delay for “-25” version 


Outputs individually programmable as 
registered or combinatorial 


Programmable output polarity 
Programmable enable/disable control 


GENERAL DESCRIPTION 


The PALCE24V10 is an advanced PAL device built with 
low-power, high-speed, electrically-erasable CMOS 
technology. Its macrocells provide a universal device ar- 
chitecture. 


Device logic is automatically configured according to the 
user’s design specification. Design is simplified by 
PALASM design software, allowing automatic creation 
of a programming file based on Boolean or state equa- 
tions. PALASM software also verifies the design and 
can provide test vectors for the finished device. Pro- 
gramming can be accomplished on standard PAL de- 
vice programmers. 


The PALCE24V10 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 


BLOCK DIAGRAM 


-ha. lia. hs 


cl 


Advanced 
Micro 
Devices 


Preloadable output registers for testability 


™ Automatic register reset on power-up 
Cost-effective 28-pin plastic SKINNYDIP® and 
PLCC packages 

™ Programmable on standard PAL® device 
programmers 

™ Supported by PALASM® software 

= 


Fully tested for 100% programming and 
functional yields and high reliability 


complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa- 
tions are programmed into the device through floating- 
gate cells inthe AND logic array that can be erased elec- 
trically. 


The fixed OR array allows up to eight data product terms 
per output for logic functions. The sumof these products 
feeds the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial with an active- 
high or active-low output. The output configuration is de- 
termined by two global bits and one local bit controlling 
four multiplexers in each macrocell. 


Programmable AND Array 
(48 X 80) 


Hae 









PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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Publication # 12222 Rev B Amendment /0 


| Issue Date: January 1990 


CONNECTION DIAGRAMS 
Top View 


SKINNYDIP 





Pin Designations: CLK = Clock 
GND= Ground 
i = Input 
VO = = Input/Output 
OE = Output Enable 
Vcc = Supply Voltage 


ORDERING INFORMATION 
Commercial Products 


12222-002A 





12222-003A 


Note: Pin 1 is marked for orientation. 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 


(Valid Combination) is formed by a combination of: 


a. FAMILY TYPE 
PAL= Programmable Array Logic 


b. TECHNOLOGY 
CE = CMOS Electrically Erasable 


c. NUMBER OF 
ARRAY INPUTS 


d. OUTPUT TYPE 
V = Versatile 


e. NUMBER OF FLIP-FLOPS 


f. POWER 
H = Half Power (90 mA Icc) 


g. SPEED 
-15 = 15 nstpp 
-25 = 25nstpp 










Valid Combinations 
PALCE24V10H-15 | 
PC, JC 
PALCE24V10H-25 


Family Type 
. Technology 


Output Type 


e2059 













PALCE24V10 


Number of Array Inputs 


Power 
g. Speed 
h. Package Type 
i. Operating Conditions 


Number of Flip-Flops 
PAL CE 24 V10H -15P C 


I. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 


h. PACKAGE TYPE 
P = 28-Pin 300-mil Plastic 
SKINNYDIP (PD3028) 
J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD’s standard military 
grade products. 


Note: Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 


The PALCE24V10 is a universal PAL device. It has ten 
independently configurable macrocells (MCo..MCog). 
Each macrocell can be configured as a registered out- 
put, Combinatorial output, combinatorial I/O, or dedi- 
cated input. The programming matrix implements a pro- 
grammable AND logic array, which drives a fixed OR 
logic array. Buffers for device inputs have complemen- 
tary outputs to provide user-programmable input signal 
polarity. Pins 1 and 15 serve either as array inputs or as 
clock (CLK) and output enable (OE) for all flip-flops. 


Unused input pins should be tied directly to Vcc or GND. 
Product terms with all bits unprogrammed (discon- 
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 


The programmable functions on the PALCE24V10 are 
automatically configured from the user’s design specifi- 
cation, which can be in a number of formats. The design 


specification is processed by development software to 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user’s desired function. 


The user is given two design options with the 
PALCE24V10. First, it can be programmed as an emu- 
lated PAL device. This includes the PAL24R10 series. 
The PAL device programmer manufacturer will supply 
device codes for the standard PAL architectures to be 
used with the PALCE24V10. The programmer will pro- 
gram the PALCE24V10 to the corresponding PAL de- 
vice architecture. This allows the user to use existing 
standard PAL device JEDEC files without making any 
changes to them. Alternatively, the device can be pro- 
grammed directly as a PALCE24V10. Here the user 
must use the PALCE24V10 device code. This option 
provides full utilization of the macrocells, allowing non- 
standard architectures to be built. 





Macrocells MC; — MCg 





CLK 





> 


0X From 
Renee, | Adjacent 
Macrocells MCo and MCg SGO SLOx Pir 
12222-004A 
PALCE24V10 Macrocell 
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Confiauratian Ontions 

Each macrocell can be configured as one of the follow- 
ing: registered output, combinatorial output, combinato- 
rial 1/O or dedicated input. In the registered output con- 
figuration, the output buffer is enabled by the OE pin. In 
the combinatorial configuration, the buffer is either con- 
trolled by a product term or always enabled. In the dedi- 
cated input configuration, the buffer is always disabled. 


The macrocell configurations are controlled by the con- 
figuration control word. It contains 2 global bits (SGO 
and SG1) and 20 local bits (SLOo through SLO9 and SL 10 
through SL19). SGO determines whether registers will 
be allowed. SG1 determines whether the PALCE24V10 
will emulate a PAL24R10 family or a simple combinato- 
rial device. Within each macrocell, SLOx, in conjunction 
with SG1, selects the configuration of the macrocell and 
SL1, sets the output as either active low or active high. 


The configuration bits work by acting as control inputs 
forthe multiplexers in the macrocell. There are four mul- 
tiplexers: a product term input, an enable select, an out- 
put select, and a feedback select multiplexer. SG1 and 
SLO, are the control signals for all four multiplexers. In 
MCo and MCg, SGO is added on the feedback multi- 
plexer. 


These configurations are summarized in table 1 and il- 
lustrated in figure 2. 


Ifthe PALCE24V10 is configured as a combinatorial de- 
vice, the CLK and OE pins are available as inputs to the 
array. If the device is configured with registers, the CLK 
and OE pins cannot be used as data inputs. 


Registered Output Configuration 


The control bit settings are SGO = 0, SG1 = 1 and SLO = 
0. There is only one registered configuration. All eight 
product terms are available as inputs to the OR gate. 
Data polarity is determined by SL1x. SL1x is an input to 
the exclusive-OR gate which is the D input to the flip- 
flop. SL1x is programmed as 1 for inverted output or 0 
for non-inverted output. The flip-flop is loaded on the 
LOW-to-HIGH transition of CLK. The feedback path is 
from Q on the register. The output buffer is enabled by 
OE. 


Combinatorial Configurations 


The PALCE24V10 has three combinatorial output con- 
figurations: dedicated output in a non-registered device, 
I/O in a non-registered device and I/O in a registered 
device. 


Dedicated Output in a Non-Registered 
Device 

The control settings are SGO = 1, SG1 =0, and SLOx = 0. 
All eight product terms are available to the OR gate. Be- 
cause the macrocell is a dedicated output, the feedback 
is not used. 


DRadiratad Innit in a Man_Raniataradn 
—_ ws ete ww we ew we sespo we ens eu & UY wee saw yt wtwtwhee 
Device 


The control bit settings are SGO = 1,SG1 =0 and SLO; = 
1. The output buffer is disabled. The feedback signal is 
the I/O pin. 


Combinatorial I/O in a Non-Registered 
Device 


The control settings are SGO = 1, SG1 = 1, andSLO0, =1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used to enable the output 
buffer. The signal at the I/O pin is fed back to the AND 
array via the feedback multiplexer. This allows the pin to 
be used as an input. 


Combinatorial 1/O in a Registered Device 


The control bit settings are SG0=0,SG1=1 and SLO, =1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used as the output enable. 
The feedback signal is the corresponding |/O signal. 


Table 1. Macrocell Configurations 


-SGO SG1 SLO, Cell Configuration Devices Emulated 
Device has registers 


Registered PAL24R10, 24R8, 
Output 24R4 
Combinatorial VO PAL24R8, 24R4 


Combinatorial Simple 
Output Combinatorial 
Dedicated Input Simple 
Combinatorial 
Combinatorial /O PAL24L10 



























Programmable Output Polarity 


The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save “DeMorganizing” 
efforts. 


Selection is made through a programmable bit SL1x 
which controls an exclusive-OR gate at the output of the 
AND/OR logic. The output is active high if SL1, is a 0 
and active low if SL1x is a 1. 





PALCE24V10 
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Registered Active Low Registered Active High 


Teor Weer 


Combinatorial I/O Active Low Combinatorial I/O Active High 
Voc Voc 
Combinatorial Output Active Low Combinatorial Output Active High 


Dedicated Input 


12222-005A 


Figure 2. Macrocell Configurations 
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Power-Up Reset 


Allflip-flops power up to a logic LOW for predictable sys- 
tem initialization. Outputs of the PALCE24V10 depend 
on whether they are selected as registered or combina- 
torial. If registered is selected, the output will be HIGH. If 
combinatorial is selected, the output will be a function of 
the logic. 


Register Preload 


The register on the PALCE24V10 Series can be 
preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature 
allows direct loading of arbitrary states, making it unnec- 
essary to cycle through long test vector sequences to 
reach a desired state. In addition, transitions from illegal 
states can be verified by loading illegal states and ob- 
serving proper recovery. 


Security Bit 


A security bit is provided on the PALCE24V10 as a de- 
terrent to unauthorized copying of the array configura- 
tion patterns. Once programmed, this bit defeats read- 


PALCE24V10 


back of the programmed pattern by a device program- 
mer, securing proprietary designs from competitors. 
However, programming and verification are also de- 
feated by the security bit. The bit can only be erased in 
conjunction with the array during an erase cycle. 


Electronic Signature Word 


An electronic signature word is provided in the 
PALCE24V10. It consists of 64 bits of programmable 
memory that can contain any user-defined data. The 
signature data is always available to the user independ- 
ent of the security bit. 


Programming and Erasing 


The PALCE24V10 can be programmed on standard 
logic programmers. Approved programmers are listed in 
the Programmer Reference Guide. 


The PALCE24V10 may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 
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LOGIC DIAGRAM (Continued) 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature Temperature (Ta) Operating 

with Power Applied ~55°C to +125°C in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground —0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -0.5V to Voc + 0.5 V Operating ranges define those limits between which the func- 
DC Output or tionality of the device is guaranteed. 

/O Pin Voltage -0.5V to Vcc +0.5V 

Static Discharge Voltage 2001 V 

Latchup Current 

(Ta = 0°C to +75°C) 100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 





DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 












lon = -3.2 MA Vin= Vin or Vit | 


Output HIGH Voltage 
Vcc = Min. 





Output LOW Voltage lo. =24mA Vin = Vinor Vit | 
Vcc = Min. - | 
Input HIGH Voltage Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 1) 
Input LOW Voltage | Guaranteed Input Logical LOW | 
| Voltage for all Inputs (Note 1) 
Input HIGH Leakage Current | Vin= 5.25 V, Vcc =Max.(Note2) | | 
Input LOW Leakage Current | Vin = 0 V, Vcc = Max. (Note 2) ee el 


lozH Off-State Output Leakage | Vout =5.25V, Vcc =Max. | 
Current HIGH Vin = Vin or Vit (Note 2) | 
loz Off-State Output Leakage Vout = 0 V, Vcc = Max. 40 yA 
Current LOW Vin = Vin or Vit (Note 2) | | 


Output Short-Circuit Current | Voc = Max. Vout = 0.5V (Note3) | -30 | -130 [| ma | 


Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) 90 mA 
Vcc = Max., f = 15 MHz | 









Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. I/O pin leakage is the worst case of li and loz (or liq and lozn). 


3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Descriptions Test Conditions Typ. 


Input Capacitance Vin =2.0V | Vcc =5.0V, Ta = 25°C, 
Output Capacitance Vout = 2.0 V | f= 1 MHz Pee 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


| Parameter | eee 
Symbol Parameter Description 


[tro | Input or Feedback to Combinatorial Ouiput____| 

[ts | Setup Time from Input or Feedback to Clock | 12 |_| 16 |_| 

| ty | HoldTime CC 

| too | ClocktoOutput CEC CT tT te os 
S 





















voxwan [LOW es 
rig es 
(Note 4 [No Feedback —[ittwim) | e268 | | | | wii 


ees | MHz 
texx | OEtoOutputEnable | El | ons 
| te | OEtoOutputdisadle Tt || 20 | s 
| tea | Input to Output Enable Using Product Term Control | | 15 | | aie | 
[ter | Input to Output Disable Using Product TermControt | | 15 | | 25 | ne 
Notes: 

2. See Switching Test Circuit for test conditions. 











3. Calculated from measured fmax internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 


Input or 


input or 
Feedback 


Clock 





Registered 






Output VT 
12015-012A 
Registered Output 
CLK 
er re te ee ea eg ae ean te ee gees et Ae 7 
l | 
| | 
| ts | 
| et LOGIC REGISTER | 
| | : | 
| | 
| : | 
| 3 | 
hes ease sna ce Meee meme coe SONNE GENES GMS Gem? SUEEED GND GENIE siND OED comme GE eeneD comme | 
12015-021A 
Input 
Output 





12015-013A 
input to Output Disable/Enablie 





12015-014A 


OE to Output Disable/Enable 


Feedback Vr 
tPp 
Combinatorial 
Output bi 
12015-010A 
Combinatorial Output 
ts + tcF 
Clock VT 
12149-025A 
Clock to Feedback (fax Internal) 
See Path at Right 
tWH 
Clock VT VT 
tWL 
12015-011A 
Clock Width 
OE 
Output 
Notes: 
1. Vr=1.5V 


2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2—5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from HtoL from H to L 


May Will be 


Change Changing 
from L to H from L to H 


Don’t Care; Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 

Apply Line is High- 
Impedance 
“Off” State 


5 VO—O~ 
S1 
Ry 
Output 
R 
a i 
Switching Test Circuit 


| Measured 
| Specification _ CL Output Value | 


tpzx, tea Z — H: Open 5OpF | 2002 | 3902 1.5 V 
Z L: Closed | | | 
tpxz, ter H > Z: Open 5 pF 200 Q2 | 3902 H —>Z: Vony—-O0.5V 
| L—2Z: Closed | L—+Z:Vo_+0.5V 
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KS000010-PAL 


SWITCHING TEST CIRCUIT 


12197-007A 















ENDURANCE CHARACTERISTICS 


The PALCE24V10 is manufactured using AMD’s ad- parts. As a result, the device can be erased and 
vanced electrically erasable process. This technology reprogrammed — a feature which allows 100% testing at 
uses an EE cell to replace the fuse link used in bipolar the factory. 


Endurance Characterlstics 


Years Max. Storage 
Te mperature 


Min. Pattern Data Retention Time Weare “Max. Operating 
Temperature 

Min. Reprogramming Cycles Cycles Normal Programming 
_ Conditions 


INPUT/OUTPUT EQUIVALENT SCHEMATICS 
















Vcc 


ESD _— Program/Verify = 
Protection Circuitry 


Typical input 





Preload Feedback 
= Circuitry Input 


Typical Output 
12197-013A 
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UUIPUT REGISIEK PRELOAD 


The Preload function allows the registers to be loaded 5. Clock pin 1 from Vit to Vin. 
from the output pins. This feature aids functional testing 6. Remove Vi./Vin from all registered outputs. 
of sequential designs by allowing direct setting of output 7. Enable the output registers by lowering OE. 
states. The procedure is as follows. 8. Lower pin 8 to Vi/Vin. 
Raise Vcc to 5.0 V+0.5V. 9. Verify for VoL/Vou at all registered output pins. 
Set pin 8 to Vetp. Note that the output pin signal will be the inverse 


Set OE HIGH. of the preload data. 


Apply the desired value (ViL/Vin) to all registered 
output pins. Leave combinatorial output pins 
floating. 


Symbol sea: Stee dae ta! 
| 50 || ps 


| tpto «| Setup and Hold Time from Preload (pin 8) to OF 5 
1 
2 


"grt eee tale 






















week fk 
— ae 


| tes | SetupTimefromOEtoData Tt ts 
| tes | HoldTimetromDatatoOE ts 
ee Wes ale ee 
[Hold Time from Clockto Data ee oe 
o | | 100 | Vins | 
[SuperLevelinputVotage—SSSCSC~—~SCSCSYSC 

High-Level Input Voltage | 4 [ 50 | 55 [ V | 
| _Low-LevelinputVoltage | oo | 05 | Vv 


—_ 








_k 





Pin 8 


ViLP 


VIHP 


VILP 


ViHP 
VOH 
VoL 
VILP 


Registered 
Output 


Clock VIKP 


VILP 


12015-015A 


Output Register Preload Waveform 
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POWER-UP RESET 


The PALCE24V10 has been designed with the capabil- 
ity to reset during system power-up. Following power- 
up, all flip-flops will be reset to LOW. The output state 
will be HIGH independent of the logic polarity. This fea- 
ture provides extra flexibility to the designer and is espe- 
cially valuable in simplifying state machine initialization. 
Atiming diagram and parameter table are shown below. 
Due to the eye Speraten of the poweruP reset 





Parameter 
Symbol Parameter Description 


[ten | _Power-Up Reset Time an Sea Oe 
Input or Feedback Setu Time 

aa P See Switching Characteristics 

| tw Clock Width LOW 


and the wide range of ways Vcc can rise to its steady 
state, two conditions are required to insure a valid 
power-up reset. These conditions are: 


1. The Vcc rise must be monotonic. 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 









Power 


tpr 


Registered 
Output 


Clock 


Vec 


ts 


12197-009A 


Power-Up Reset Waveforms 
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28-Pin EE CMOS Versatile PAL® Device 


DISTINCTIVE CHARACTERISTICS 

™ 28-pin versatile PAL programmable logic 
device architecture 

@ Electrically erasable CMOS technology 
provides half power (only 105 mA) at high 
speed (20 ns propagation delay) 

™ 14 dedicated inputs and 12 input/output 
macrocells for architectural flexibility 

@ Macrocells can be registered or combinatorial, 
and active high or active low 

= Varied product term distribution allows up to 
16 product terms per output 


GENERAL DESCRIPTION 


The PALCE26V12H is a 28-pin version of the popular 
PAL22V10 architecture. Built with low-power, high- 
speed, electrically-erasable CMOS technology, the 
PALCE26V12H offers many unique advantages. 


Device logic is automatically configured according to the 
user’s design specification. Design is simplified by 
PALASM design software from AMD, allowing auto- 
matic creation of a programming file based on Boolean 
or state equations. PALASM software also verifies the 
design and can provide test vectors for the programmed 
device. Third-party design tools and logic programmers 
also support the PALCE26V12H (see Programmer Ref- 
erence Guide). 


The PALCE26V12H utilizes the familiar sum-of-prod- 
ucts (AND/OR) architecture that allows users to imple- 
ment complex logic functions easily and efficiently. Mul- 
tiple levels of combinatorial logic can always be reduced 





Advanced 
Micro 
Devices 


@ Two clock inputs for independent functions 


B Global asynchronous reset and synchronous 
preset for initialization 

™ Register preload for testability and built-in 
register reset on power-up 

@ Space-efficient 28-pin SKINNYDIP® and PLCC 
packages 

@ Center Vcc and GND pins to improve signal 
characteristics 

™ Supported by PALASM® software and other 
design tools and standard logic programmers 


to sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The functions 
are programmed into the device through electrically- 
erasable floating-gate cells in the AND logic array and 
the macrocells. In the unprogrammed state, all AND 
product terms float HIGH. If both true and complement 
of any input are connected, the term will be permanently 
LOW 


The product terms are connected to the fixed OR array 
with a varied distribution from 8 to 16 across the outputs 
(see Block Diagram). The OR sum of the products feeds 
the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial, active high or 
active low, with registered I/O possible. The flip-flop can 
be clocked by one of two clock inputs. The output con- 
figuration is determined by four bits controlling three 
multiplexers in each macrocell. 





BLOCK DIAGRAM 
a CLEA 





_< 


PETE TETE 
Om MW YQ QW 


PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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Publication # 11757 Rev. B Amendment /0 





Issue Date: January 1990 


CONNECTION DIAGRAMS 
Top View 


SKINNYDIP 





11757-005A 11757-007A 
PIN DESIGNATIONS Note: 
CLK Clock Pin 1 is marked for orientation. 
GND Ground 
| Input 
/O Input/Output 
Voc Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 


AMD commercial programmable logic products are available with several ordering options. The order number (Valid 
Combination) is formed by a combination of: 
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PALCE26V12H-20 
PALCE26V12H-25 


“reams aoop 


Family Type 
Technology 

Number of Array Inputs 
Output Type 

Number of Outputs 
Power/Speed Options 
Package Type 
Operating Conditions 
Optional Processing 


PAL CE 26 V12H-20 PC 


FAMILY TYPE 
PAL = Programmable Array Logic 


TECHNOLOGY 
CE = CMOS, Electrically Erasable 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
V = Versatile 


NUMBER OF OUTPUTS 


Valid Combinations 





PC, JC 








[ 


OPTIONAL PROCESSING 
Blank = Standard Processing 


OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 


PACKAGE TYPE 

P = 28-Pin 300-Mil Plastic 
SKINNYDIP (PD3028) 

J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 


POWER/SPEED OPTIONS 
Power: H = Half Power (105 mA) 
Speed: -20 = 20ns tpp 

-25 = 25nstpp 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional dataon AMD’s standard military 


grade products. 


Note: Marked with AMD logo. 


PALCE26V12 





FUNCTIONAL DESCRIPTION 


The PALCE26V12H has fourteen dedicated input lines, 
two of which can be used as clock inputs. Unused inputs 
should be tied directly to ground or Vcc. Buffers for de- 
vice inputs and feedbacks have both true and comple- 
mentary outputs to provide user-selectable signal polar- 
ity. The inputs drive a programmable AND logic array, 
which feeds a fixed OR logic array. 


OE 






AR CLK, 
P1 


Pn 
n = 8,8,10,12,14,16 


*When S3 = 1 junbrogremmed); the feedback is selected by S; . 
t 


When S 3 = 0 (programmed), 
that selected by S;. 


e feedback is the opposite of 
11757—004A 


Figure 1. PALCE26V12H Macrocell 


S3 S$: So | Output Configuration 







1 O 0 Registered Output and Feedback, 
Active Low 
1 O 1 Registered Output and Feedback, 
| Active High 







0 | Combinatorial VO, Active Low | 
1_1 1 | Combinatorial VO, Active High 
10 O O 
| 1 
1 0 


0 | Registered I/O, Active High | 


| O Combinatorial Output, Registered | 
Feedback, Active Low 
. | 


Registered !/O, Active Low 


Combinatorial Output, Registered 
Feedback, Active High 











Clock Input 


CLK3/Io 
CLK2/l3 






1 
0 


1 
0 


The OR gates feed the twelve I/O macrocells (see figure 
1). The macrocell allows one of eight potential output 
configurations; registered or combinatorial, active high 
or active low, with register or I/O pin feedback (see fig- 


Unprogrammed EE bit 
Programmed EE bit | 


ure 2). In addition, registered configurations can be 
clocked by either of the two clock inputs. 


The configuration choice is made according to the us- 
er’s design specification and corresponding program- 
ming of the configuration bits So-S3. Multiplexer controls 
initially float to Vcc (1) through a programmable cell, se- 
lecting the “1” path through the multiplexer. Program- 
ming the cell connects the control line to GND (0), se- 
lecting the “O” path. 


Registered or Combinatorial 


Each macrocell of the PALCE26V1 2H includes a D-type 
flip-flop for data storage and synchronization. The flip- 
flop is loaded on the LOW-to-HIGH edge of the selected 
clock input. Any macrocell can be configured as combi- 
natorial by selecting a multiplexer path that bypasses 
the flip-flop. Bypass is controlled by bit S:. 


Programmable Clock 


The clock input for any flip-flop can be selected to be 
from either pin 1 or pin 4. A2:1 multiplexer controlled by 
bit S2 determines the clock input. 


Programmable Feedback 


A 2:1 multiplexer allows the user to determine whether 
the macrocell feedback comes from the flip-flop or from 
the I/O pin, independent of whether the output is regis- 
tered or combinatorial. Thus, registered outputs may 
have internal register feedback for higher speed (tcr 
specification applies), or I/O feedback for use of the pin 
as a direct input (tco specification applies). Combinato- 
rial outputs may have I/O feedback, either for use of the 
signal in other equations or for use as another direct in- 
put, or register feedback. 


The feedback multiplexer is controlled by the same bit 
(S;) that controls whether the output is registered or 
combinatorial, as on the 22V10, with an additional con- 
trol bit (S3) that allows the alternative feedback path to 
be selected. When $3 = 1, S; selects register feedback 
for registered outputs (S; = 0) and I/O feedback for com- 
binatorial outputs (S; = 1). When Ss = 0, the opposite is 
selected: I/O feedback for registered outputs and regis- 
ter feedback for combinatorial outputs. 


Programmable Enable and I/O 


Each macrocell has a three-state output buffer con- 
trolled by an individual product term. Enable and disable 
can be a function of any combination of device inputs or 
feedback. The macrocell provides a bidirectional I/O pin 
if /O feedback is selected, and may be configured as a 
dedicated input if the buffer is always disabled. This is 
accomplished by connecting all inputs to the enable 
term, forcing the AND of the complemented inputs to be 
always LOW. To permanently enable the outputs, all in- 
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puts are left disconnected from the term (the un- 
programmed state). 


Programmable Output Polarity 


The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save “DeMorganizing” ef- 
forts. 


Selection is controlled by programmable bit So in the 
output macrocell, and affects both registered and com- 
binatorial outputs. Selection is automatic, based on the 
design specification and pin definitions. If the pin defini- 
tion and output equation have the same polarity, the out- 
put is programmed to be active high. 


Preset/Reset 


For initialization, the PALCE26V12 has additional 
Preset and Reset product terms. These terms are con- 
nected to all registered outputs. When the Synchronous 
Preset (SP) product term is asserted high, the output 
registers will be loaded with a HIGH or the next LOW-to- 
HIGH clock transition. When the Asynchronous Reset 
(AR) product term is asserted high, the output registers 
will be immediately loaded with a LOW independent of 
the clock. 


Note that preset and reset control the flip-flop, not the 
output pin. The output level is determined by the output 
polarity selected. 


Power-Up Reset 


All flip-flops power up to a logic LOW for predictable sys- 
tem initialization. Outputs of the PALCE26V12H will be 
HIGH or LOW depending on whether the output is active 
low or active high, respectively. The Vcc rise must be 
monotonic, and the reset delay time is 1 ms maximum. 
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Register Preload 


The register on the PALCE26V12H can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di- 
rect loading of arbitrary states, thereby making it unnec- 
essary to cycle through long test vector sequences to 
reach a desired state. In addition, transitions from illegal 
states can be verified by loading ilegal states and ob- 
serving proper recovery. 


Security Bit 


After programming and verification, a PALCE26V12H 
design can be secured by programming the security bit. 
Once programmed, this bit defeats readback of the in- 
ternal programmed pattern by a device programmer, se- 
curing proprietary designs from competitors. Program- 
ming the security bit disables preload, and the array will 
read as if every bit is disconnected. The security bit can 
only be erased in conjunction with erasure of the entire 
pattern. 


Quality and Testability 


The PALCE26V12H offers a very high level of built-in 
quality. The erasability of the device provides a means 
of verifying performance of all AC and DC parameters. 
In addition, this verifies complete programmability and 
functionality of the device to provide the highest pro- 
gramming yields and post-programming functional 
yields in the industry. 


Programming and Erasing 


The PALCE26V12 can be programmed on standard 
logic programmers. Approved programmers are listed in 
the Programmer Reference Guide. 


The PALCE26V12 may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 


PALCE26V12 





Registered Active-Low Output, Registered Active-High Output, 
Register Feedback Register Feedback 





Registered Active-Low !/O Registered Active-High I/O 


Registered Outputs 


Combinatorial Active-Low I/O Combinatorial Active-High I/O 





Combinatorial Active-Low Output, Combinatorial Active-High Output, 
Register Feedback Register Feedback 


Combinatorial Outputs 


Figure 2. PALCE26V12H Macrocell Configuration Options 
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LOGIC DIAGRAM 


PALCE26V12H 
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LOGIC DIAGRAM (Continued) 


PALCE26V12H 
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*When S; = 1 (unprogrammed), the feedback is selected by S, . 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied -55°C to +125°C Operating in Free Air — 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —0.6 Vto +7.0 V 


: Operating ranges define those limits between which the func- 
DC Output or V/O Pin Voltage —0.5 V to Vec + 0.5 V tionality of the device is guaranteed. 


Static Discharge Voltage 2001 V 

Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 


mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter 
_— Parameter Description Test Conditions 
Output HIGH Voltage lon = —3.2 MA Vin = Vin Or Vit 2.4 
Vcc = Min. 
Output LOW Voltage lr =16MA Vin=VunorVit 04 
Vcc = Min. 
Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 V 
Voltage for all inputs (Note 1) 
. Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 
| tm | Input HIGH Leakage Current | Vin = 5.5 V, Voc = Max. (Note 2) pom cieraaie 
a ar Input LOW Leakage Current Vin =0V, Voc = Max. (Note 2) | [ -t0 [ pa | 


lozH Off-State Output Leakage Vout = 5.5 V, Vcc = Max. 10 LA 
| Current HIGH Vin = Vin or Vit (Note 2) | 
loz Off-State Output Leakage Vout = 0 V, Voc = Max. —10 pA 
Current LOW Vin = Vin or Vit (Note 2) 
aaa Output Short-Circuit Current Vout = 0.5 V, Voc = Max. (Note 3) 


Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) 105 | mA 
Vcc = Max. 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. W/O pin leakage is the worst case of lt and lozt (or liq and lozn). 


3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


SS eee 
| Symbol Parameter Description Test Conditions 
ce ee | inputCapacttance =| Capacitance a OV Vcc = 5.0 V 

ia Fe +25°C 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 



















SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter p20 fe 
Peace |pwnmemomeronon ae] oe 


tro | Input or Feedback to Combinatorial Output |__| 20] | 25 | ns | 
[is | Setup Time trom input, Feedback, or SPto Clock | 1a || 78 || ns 
a 
Ttco | Cocktooupt ——SC—“s*~s*~“‘“‘—*S*S*S*é~sSC“‘“‘“gC C*ESSC*dC 
[ter | Glockto Feedback Woe) SSSCSC—C—~—SCSCSSSCi to | ds | 
[wr | Asynenronous Resetto Registered Outpt || 25 | | 90 | 1s | 
[—taaw | AsynchronousResetwidth ——=sSSCSC=~<~*~srCTdY Td 
tana | Asynchronous ResetRecovey Time ———~—~=«~Y~=Ci || | 
tsen | Synchronous Preset Recovery Time +t 3: | | 1s | id ns 
om low St Pt Pt 
[twa | Clock wien [High —SSS—C~—~—SCSst Pd to Pd 

Maximum | extemal Feedback] ‘ts sto) | 40] | 3a | | whe 
fm | (nots a)” __[ intemal Feedback | wits +tcr) | 3 | | 95 |_| | 
a a 
[ten | Input to Output Disable Using Product Term Contror | | 20 | | 25 | ns | 


Notes: 
2. See Switching Test Circuit for test conditions. 
3. Calculated from measured fax internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 





Input or Input or | 
Feedback VT Feedback ; 
tPD 
Combinatorial 
Output n 
Clock 
12015-010A 
Combinatorial Output Registered 
Output “ 
12015-012A 


ts + tcF 
Clock VT 


12149-025A 


Clock to Feedback (fmax Internal) 


See Path at Right 


tWH 
Clock VT 
tWL 


Clock Width 


Input Asserting 
Asynchronous 
Reset 


eeipus__ DXXXXAY, 
Clock 


Asynchronous Reset 


Notes: 


1. Vr = 1.5 V 
2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 
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Registered Output 


CLK 








Input 
Output 
12015-011A 12015-013A 
Input to Output Disable/Enable 
Input Asserting 
Synchronous 
Preset 
Clock 
tARR 
Registered 
VT Outputs VT 
11757-009A 11757-010A 


Synchronous Preset 


PALCE26V12 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 


Change Changing 
from L to H from L to H 


Don’t Care; Changing, 
Any Change State 
Permitted Unknown 





Does Not Center 
Apply Line is High- 
Impedance 
“Off” State 
- KS000010-PAL 
SWITCHING TEST CIRCUIT 
5V 
S; 
Ri 
Output Test Point 
Ra 


i — 12350-019A 
Measured 
eg Ta Value 
| tep, tco, tor _| tco, IcF | Closed 1 ABV V 
ZH: Open 50 pF Lo 
Z —L: Closed 3002 | 3900 


H —Z: Open H —>Z: eeeieeae 0.5V 
LZ. Closed LZ: Vou + 0.5 V 
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ENDURANCE CHARACTERISTICS . 
The PALCE26V12 is manufactured using AMD’s ad- parts. As a result, the device can be erased and 
vanced Electrically Erasable process. This technology reprogrammed — a feature which allows 100% testing at 


uses an EE cell to replace the fuse link used in bipolar the factory. 

Symbol| Parameter |S Min. ~—|—Unit__|_Test Conditions 

| Years Max. Storage 
Temperature 


10 | 
t Min. Pattern Data Retention Time ! 
me 20 | Years Max. Operating 
| | Temperature __ 
N Min. Reprogramming Cycles 100 Cycles | Normal Programming 
| | | _Conditions 


INPUT/OUTPUT EQUIVALENT SCHEMATICS 


ESD _— Program/Verify 
Protection Circuitry 












Typical Input 


ee 


Typical Output 





Preload Feedback 
= Circuitry Input 


12197-013A 
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OUTPUT REGISTER PRELOAD 


The PALCE26V12H registered outputs are provided 3. Apply the desired value (Vitp/Vinp) to all registered 
with circuitry to allow loading each register synchro- Output pins. Leave combinatorial output pins 
nously with either a HIGH or LOW. This feature will sim- floating. 

plify testing since any state can loaded into the registers 


to control test sequencing. 4. Clock appropriate pins, 1 and/or 4, from Vip to Vine. 
The pin levels and timing necessary to perform the 5. Remove Vitp/Vinp from all registered outputs. 
Preload function are detailed below. 6. Lower pin 5 to Vi/Vin. 
1. Raise Vcc to5.0V+05V. 
Pe ee : 7. Enable outputs according to programmed pattern. 
2. Set pin 5 to Vin to disable outputs and enable Verify for Vo./Vou at all registered output pins. Note 
preload. that the output pin signal will depend on the 


programmed polarity. 


Parameter 
Symbol Parameter Description 


Super-level Input Voltage | 10. 10.75 





| Vue [Low-level inputVottage | 0 | o | 05 | Vv | 
| Vie [High-level input Voltage | 24 | 5.0 | 55 | Vv _ 






Level forced on 
registered output | Register Q output 
pin during State after cycle 


Preload cycle 


VHH 
VILP | VILP 
Pin 5 | 
VIHP 
Pins 1, 4 ViLP | VILP 





Registered h j 


Output YO a 
ViLP VoL 
Preload Output Preload Output Preload 
Enabled Forced Data Forcing Disabled 
Outputs To ViIHP Clocked Voltage 
Disabled orVip In Removed 
11757-008A 


Preload Waveforms 
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POWER-UP RESET 


The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will depend on the programmed con- 
figuration. This feature is valuable in simplifying state 
machine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous opera- 
tion of the power-up reset and the wide range of ways 
Voc can rise to its steady state, two conditions are re- 








4V 
Power 


tpr 


Registered 
Active-Low 
Output 


Clock 


eg 
Symbol Parameter Description Max. 


quired to ensure a valid power-up reset. These condi- 
tions are: | 


1. The Vcc rise must be monotonic. 


2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed- 


back setup times are met. 











Vec 


ts 


t 
we 12350-024A 


Power-Up Reset Waveform 
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24-Pin EE CMOS Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 


M@ High-performance semicustom logic 
replacement; Electrically Erasable (E?) 
technology allows reprogrammability 


16 bidirectional user-programmable I/O logic 
macrocelis for Combinatorial/Registered/ 
Latched operation 


Output Enable controlled by a pin or product 
terms 


Varied product term distribution for increased 
design flexibility 


Programmable clock selection with two clocks/ 
latch enables (LEs) and LOW/HIGH clock/LE 
polarity 


GENERAL DESCRIPTION 


The PALCE29M16H is a high-speed, E?-based CMOS 
Programmable Array Logic device designed for general 
logic replacement in TTL or CMOS digital systems. It 
offers high speed, low power consumption, high pro- 
gramming yield, fast programming and excellent reliabil- 
ity. Programmable Array Logic (PAL®) devices combine 





ct 
Advanced 


Micro 
Devices 


m@ Register/Latch Preload permits full logic 
verification 


High speed (t,, = 25 ns, f,,,,= 33 MHz and f,,,, 
internal = 50 MHz) 


Full-function AC and DC testing at the factory 
for high programming and functional yields 
and high reliability 


24-pin 300-mil SKINNYDIP® and 28-pin plastic 
leaded chip carrier packages 


the flexibility of custom logic with the off-the-shelf availa- 
bility of standard products, providing major advantages 
over other semicustom solutions such as gate arrays and 
standard cells, including reduced development time and 
low up-front development cost. 





CLK/LE VOFy VOFs VO7 6 Os VO, VOFs i 1OF4 
A LA Aj AN} A A 
y VCLK/LE Vi Vv Vv Q U , a ¢ 
a» 
V oe (RES ae a eae = - ae 
irae a 
N ce tae meter — Hh see, oo Locte | PTs 
P wacrocelt | -csee, Ht MACROCELL  aeeocelL iacrocele sincnoce: Wacioced. raed iba 









Oo 
oGiC 
hott 
/\\ 


Hone 
$$» nc HH = 


ers acs 
3 
" 


A 
YC ¥ Mi 0 
Ig-le VOE VOFp V/OF, Oo 


Figure 1. Block Diagram 


PAL and SKINNYDIP are registered trademarks of Advanced Micro Devices. 


This part is covered by various US and foreign patents owned by Advanced Micro Devices. 
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AND ARRAY 


58x 188 









oe, 
OGic on calc 


MACROCELL on Wiss ae MACROCELL | rg 


i PY or is 
/ /\ /\j /\\ 


: | 

V VJ VW Q 

VO2 03 VOF2 VOFs 
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GENERAL DESCRIPTION (Continued) 


The PALCE29M16H uses the familiar sum-of-products 
(AND-OR) structure, allowing users to customize logic 
functions by programming the device for specific applica- 
tions. It provides up to twenty-nine array inputs and 
sixteen outputs. It incorporates AMD’s unique input/out- 
put logic macrocell which provides flexible input/output 
structure and polarity, flexible feedback selection, mul- 
tiple Output Enable choices, and a programmable clock- 
ing scheme. The macrocells can be individually pro- 
grammed as “Combinatorial,” “Registered,” or “Latched” 
with active-HIGH or active-LOW polarity. The flexibility of 
the logic macrocells permits the system designer to tailor 
the device to particular application requirements. 


Increased logic power has been built into the 
PALCE29M16H by providing a varied number of logic 
product terms per output. Eight outputs have eight prod- 


CONNECTION DIAGRAMS 





(Top View) SKINNY DIP 
CLK/LE [1 | [24] Veo 
| 23] 1, 
VOF | 3 | 122] VOF7 
vor, [4 | | VOF, 
VO} 3 | j20] v0, 
v04] 6 | 19} v0, 
VO2|7 | 18} V0. 
v03| 8 7] v0 , 
VOF2| 9 | VOF . 
VOF 3 ]10 | [15] VOF, 
voE [11 | ty 
GND 13] VCLK/LE 
08740-002A 
Note: 


Pin 1 is marked for orientation 


PIN DESCRIPTION 

The following describes the functionality of all the pins on the 
24-pin SKINNYDIP. The 28-pin chip carrier has the same func- 
tionality with NO CONNECTS on pins 1, 8, 15, 22. 


CLK/LE (PIN 1): Used as a dedicated clock/latch enable pin 
for all registers/latches on the device if so selected. (See I/O 
Logic Macrocell Configurations.) This pin is a clock pin for 
macrocells configured as registers and a latch enable pin for 
macrocells configured as latches. 

I/CLK/LE PIN (PIN 13): Used as dedicated input or as an alter- 
nate clock/latch enable pin for all the registers/latches if so se- 
lected. (See I/O Logic Macrocell Configurations.) This pin is a 
clock pin for macrocells configured as registers and a latch 
enable pin for macrocells configured as latches. 


/OE PIN (PIN 11): Used as a dedicated input pin to the AND 


PALCE29M16H-25/35 


uct terms each, four outputs have twelve product terms 
each, and the other four outputs have sixteen product 
terms each. This varied product-term distribution allows 
complex functions to be implemented in a single PAL 
device. Each output can be dynamically controlled by a 
common Output Enable pin or Output Enable product 
terms per bank of four outputs. Each output can also be 
permanently enabled or disabled. 


System operation has been enhanced by the addition of 
common asynchronous-PRESET and RESET product 
terms and a power-up RESET feature. The 
PALCE29M16H also incorporates PRELOAD and Ob- 
servability functions which permit full logic verification of 
the design. 


The PALCE29M16H is offered in the space-saving 300- 
mil SKINNYDIP package as well as the plastic leaded 
chip carrier package. 


PLCC 


CLK/ 
VOF9 19 LE NC Vcc 12 VOF7 





voF, | 5] 25] VOF 
VOpy | 6 | [24] V07 
vo, |7] [23] "Og 
Nc | 8] [22] ne 
VO. | 9] [21] vos 
V0, | 19) }20] VO 4 
vor, [11] 119] VOF 5 
| at [17] ]18] 08740-003A 
VOF, VOE GND NC veLK! 1, VOF, 
Pin Designations: 
| = Input 
/O = Input/Output 
OF = Input/Output with Dual Feedback 
Vag = Supply Voltage 
GND | = Ground 
CLK/LE = Clock/Latch Enable 
NC = No Connection 


array or as the Output Enable control pin (Active LOW) for all 
macrocells with pin-controlled Output Enable selected. 
Il, (PINS 2, 14, 23): Dedicated input pins. 


VOF,-I/OF, (PINS 3, 4, 9, 10, 15, 16, 21, 22): Eight bidirec- 
tional I/O pins with two independent feedback paths to the AND 
array. The first feedback path is a dedicated I/O pin feedback 
to the AND array for combinatorial input. The second feedback 
path consists of direct register/latch feedback to the array (see 
Figure 2b). 

1/0,-1/0, (PINS 5, 6, 7, 8, 17, 18, 19, 20): Eight bidirectional 
I/O pins with user-programmable register/latch or I/O pin feed- 
back to the AND array (see Figure 2a). 


Voc (PIN 24): Supply Voltage. 
GND (PIN 12): Circuit Ground. 
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ORDERING INFORMATION 
Commercial Products 


AMD programmable logic products for commercial applications are available in several packages and operating ranges. The order 


number (Valid Combination) is formed by a combination of: 


a 
b 


c 
d 
e 


. Device Number 

. Power/Speed Option 
. Package Type 

. Temperature Range 
. Optional Processing 


PAL CE 29M16H-25PC 


a. PROGRAMMABLE | 


ARRAY LOGIC 


CMOS ELECTRICALLY ERASABLE 


NUMBER OF ARRAY 
INPUTS 


OUTPUT TYPE 
M = Advanced Macrocell 


NUMBER OF FLIP-FLOPS 


Valid Combinations | 


PALCE29M16H-25 | PC, DC, JC | 
PALCE29M16H-35 








iL e. OPTIONAL PROCESSING 
Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0°C to +75°C) 


c. PACKAGE TYPE 
P = 24-Pin Plastic SKINNYDIP 
(PD3024) 
D = 24-Pin Ceramic SKINNYDIP 
(CD3024) 
J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 


b. POWER/SPEED OPTION 
Speed: 
-25 = 25 ns 
-35 = 35 ns 
Power: 
H = Half Power (100 mA) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm avail- 
ability of specific valid combinations, to check on 
newly released combinations, and to obtain additional 
data on AMD’s standard military grade products. 


Note: 
Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 
Inputs 


The PALCE29M16H has twenty-nine inputs to drive 
each product term (up to fifty-eight inputs with both TRUE 
and complement versions available to the AND array) as 
shown inthe block diagram in Figure 1. Of these twenty- 
nine inputs, three are dedicated inputs, sixteen are from 
eight I/O logic macrocells with two feedbacks, eight are 
from other I/O logic macrocells with single feedback, one 
is the I/OE input and one the I/CLK/LE input. 


Initially the AND-array gates are disconnected from all 
the inputs. This condition represents a logical TRUE for 
the AND array. By selectively programming the E* cells, 
the AND array may be connected to either the TRUE 
input or the complement input. When both the TRUE and 
complement inputs are connected, a logical FALSE 
results at the output of the AND gate. 


Product Terms 


The degree of programmability and complexity of a PAL 
device is determined by the number of connections that 
form the programmable-AND and OR gates. Each pro- 
grammable-AND gate is called a product term. The 
PALCE29M16H has 188 product terms; 176 of these 
product terms provide logic capability and twelve are 
architectural or control product terms. Among the twelve 
control product terms, two are for common Asynchro- 
nous-PRESET and RESET, one is for Observability, and 
one is for PRELOAD. The other eight are common 
Output Enable product terms. The Output Enable of each 
bank of four macrocells can be programmed to be con- 
trolled by acommon Output Enable pin or two AND/XOR 
product terms. It may be also permanently enabled or 
permanently disabled. 


Each product term on the PALCE29M16H consists of a 
58-input AND gate. The outputs of these AND gates are 





connected to a fixed-OR plane. Product terms are allo- 
cated to OR gates in a varied distribution across the 
device ranging from eight to sixteen wide, with an aver- 
age of eleven logic product terms per output. An in- 
creased number of product terms per output allows more 
complex functions to be implemented in a single PAL 
device. This flexibility aids in implementing functions 
such as counters, exclusive-OR functions, or complex 
state machines, where different states require different 
numbers of product terms. 


Common asynchronous-PRESET and RESET product 
terms are connected to all Registered/Latched inputs/ 
outputs. 


When the asynchronous-PRESET product term is as- 
serted (HIGH) all the registers/latches will immediately 
be loaded with a HIGH, independent of the clock. When 
the asynchronous-RESET product term is asserted 
(HIGH) all the registers/latches will be immediately 
loaded with a LOW, independent of the clock. The actual 
output state will depend on the macrocell polarity selec- 
tion. The latches must be in latched mode (not transpar- 
ent mode) for the RESET/PRESET, PRELOAD, and 
power-up RESET modes to be meaningful. 


Input/Output Logic Macrocells 


The 1/O logic macrocell allows the user the flexibility of 
defining the architecture of each input or output on an 
individual basis. It also provides the capability of using 
the associated pin either as an input or an output. 


The PALCE29M16H has sixteen macrocells, one for 
each I/O pin. Each I/O macrocell can be programmed for 
combinatorial, registered or latched operation (see Fig- 
ure 2). Combinatorial output is desired when the PAL 
device is used to replace combinatorial glue logic. Reg- 
isters are used in synchronous logic applications while 
latches are used in asynchronous applications. 


COMMON Yeo —"J0 1 
VOE PIN 11 
OE PTs FOR BANKS 10 
OF 4 MACROCELLS 10 0 
COMMON = S6/] |S7 


ASYNCHRONOUS 
PRESET 
PO 


P11 OR P15 


CLK/LE 


VCLK/LE 


COMMON 
ASYNCHRONOUS 
RESET 


TO AND ARRAY 





Se ES] v0 y 


08740-004A 


Figure 2a. PALCE29M16H Macrocell (Single Feedback 





PALCE29M16H-25/35 


2-335 


The output polarity for each macrocell in each of the 
three modes of operation is user-selectable, allowing 
complete flexibility of the macrocell configuration. 


Eight of the macrocells (I/OF ,-/OF ,) have two independ- 
ent feedback paths to the AND array (see Figure 2b). The 
first is a dedicated I/O pin feedback to the AND array for 
combinatorial input. The second path consists of a direct 
register/latch feedback to the array. If the pin is used as 
a dedicated input using the first feedback path, the 
register/latch feedback path is still available to the AND 
array. This path provides the capability of using the 
register/latch as a buried state register/latch. The other 
eight macrocells have a single feedback path to the AND 
array. This feedback is user-selectable as either an I/O 
pin or a register/latch feedback (see Figure 2a). 


Each macrocell can provide true input/output capability. 
The user can select each macrocell register/latch to be 
driven by either the signal generated by the AND-OR 
array or the I/O pin. When the I/O pin is selected as the 
input, the feedback path provides the register/latch input 
to the array. When used as an input, each macrocell is 
also user-programmable for registered, latched, or 
combinatorial input. 


The PALCE29M16H has one dedicated CLK/LE pin and 
an VCLK/LE pin. All macrocells have a programmable 
select to choose between these two pins as the clock or 
the latch enable signal. These signals are clock signals 
for macrocells configured as registers and latch enable 
signals for macrocells configured as latches. The polarity 
of these CLK/LE signals is also individually program- 
mable. Thus different registers can be driven by different 
clocks and clock phases. 


The Output-Enable mode of each of the macrocells can 
be selected by the user. The I/O pincan be configured as 
an output pin (permanently enabled) or as an input pin 
(permanently disabled). It can also be configured as a 
dynamic |/O controlled by the Output Enable pin or by two 


(a 


COMMON 

VOE PIN 
OE PTs FOR BANKS 
OF 4 MACROCELLS 


an oy) 
DP pln FE o Le 


D 


CLK/LE 11 
= oe 10 
VOLKLE — lo4 
doo 
s4 TT's 
COMMON sa 
ASYNCHRONOUS —{__) 
RESET 
TO AND ARRAY <4 
TO AND ARRAY 


AND-XOR product terms which are available for each 
bank of four I/O Logic Macrocells. 


I/O Logic Macrocell Configuration 


AMD’s unique /O macrocell offers major benefits 
through its versatile, programmable input/output cell 
structure, multiple clock choices, flexible Output Enable 
and feedback selection. Eight 1/O macrocells with single 
feedback contain nine E? cells, while the other eight 
macrocells contain eight E? cells for programming the 
input/output functions (see Table 1). 


E? cell S1 controls whether the macrocell will be combi- 
natorial or registered/latched. SO controls the output 
polarity (active-HIGH or active-LOW). S2 determines 
whether the input/output is a register or a latch. S3 allows 
the use of the macrocell as aninput register/latch or as an 
output register/latch. It selects the direction of the data 
path through the register/latch. If connected to the usual 
AND-OR array output, the register/latch is an output con- 
nected to the I/O pin. If connected to the !/O pin, the 
register/latch becomes an input register/latch to the AND 
array using the feedback data path. 


Programmable E? cells S4 and S5 allow the user to select 
one ofthe four CLK/LE signals for each macrocell. S6 and 
S7 are used to control Output Enable as pin controlled, 
two product term controlled, permanently enabled or 
permanently disabled. S8 controls a feedback multi- 
plexer for the macrocells with a single feedback path 
only. 


Using the programmable E? cells S0-S8 various input 
and output configurations can be selected. Some of the 
possible configuration options are shown in Figure 3. 


In the virgin erased state (charged, disconnected), an 
architectural cell is said to have a value of “1”; in the pro- 
grammed state (discharged, connected to GND), an 
architectural cell is said to have a value of “0.” 





oS] VOFy 








RFy 


08740-005A 


Figure 2b. PALCE29M16H Macrocell (Dual Feedback 
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ea Storage Element 


1 Register | 
0 Latch 


| ost | Output Type | so | Output Polarity | 


1 Combinatorial 1 Active LOW 
| O | Register/Latch 1 9 | Active HIGH | 


| sa | Feedback* 


isa | voc 


1 Output Cell 
0 Input Cell 












1 Register/Latch | 
Oo | VO 


* Applies to macrocells with single feedback only. 2 


Table 1a. PALCE29M16H I/O Logic Macrocell Architecture Selections 






sa] ss Clock Edge/Latch Enable Level 


CLK/LE pin positive-going edge, active-LOW LE 
f 4] oo | CLKILE pin negative-going edge, active-HIGH LE 


| o | 1 | VCLK/LE pin positive-going edge, active-LOW LE 
Re ey VCLK/LE pin negative-going edge, active-HIGH LE 


[6 | s7| outputButter contro 
[1 [0 | xon pr-controled Three-State Enable | 
|0 | 1 | Permanently Enabled (Output ony) 
ie 


ed Permanently Disabled (Input only) 
1 = Erased State (Charged or disconnected). 


0 = Programmed State (Discharged or connected). 




















Table 1b. PALCE29M16H I/O Logic Macrocell Clock Polarity and Output Enable Selections 
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SOME POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL 


(For other useful configurations, please refer to the macrocell diagrams in Figure 2. All macrocell architecture cells are 
independently programmable). 
Output Registered/Active Low Output Combinatorial/Active Low 








> dO + ES 
bed Sy =1 
g S3 = 
< 
NK 
08811-O06A 08811-007A 
Output Registered/Active High Output Combinatorial/Active High 
> dO SHES 
» $y =0 
Se =1 
r $3 =1 
4 
088 11-008A 7 0881 1-009A 


Figure 3a. Dual Feedback Macrocells 





Output Registered/Active Low, I/O Feedback Output Combinatorial/Active Low, I/O Feedback 










AMOAAaONH 
NO WA © 
Hunn A 
~~ On Ou 


08811-010A 08811-011A 


Output Latched/Active High, I/O Feedback Output Combinatorial/Active High, /O Feedback 





ORnawM | 
Now Oo | 
Wun we tt 
eo=300 


08811-012A 08811-013A 


Figure 3b. Single Feedback Macrocells 
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POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL (Continued) 


Output Registered/Active Low, Register Feedback 





08811-014A 
Output Latched/Active Low, Latched Feedback 


Output Combinatorial/Active Low, Register Feedback 





08811-015A 
Output Combinatorial/Active Low, Latched Feedback 





08811-016A 


Figure 3b. Single Feedback Macrocells (Continued) 


Input Registered/Latched 





PROGRAMMABLE-AND ARRAY 


08811-017A 
$3 =0 
Sg = 1 (FOR SINGLE FEEDBACK ONLY) 
So = 1 REGISTER 
= 0 LATCH 
08811-018A 


Figure 3c. All Macrocells 








DESIGNED-IN TESTABILITY AND 
DEBUGGING 


Preload 


To simplify testing, the PALCE29M16H is designed with 
PRELOAD circuitry that provides an easy method for 
testing logical functionality. Both product term controlled 
and supervoltage-enabled PRELOAD modes are avail- 
able. This offers even more test capability than previ- 
ously implemented in AMD’s PAL devices. The TTL-level 
PRELOAD product term can be useful during debugging, 
where supervoltages may not be available. 


PRELOAD allows any arbitrary state value to be loaded 
into the registers/latches of the device. A typical func- 
tional-test sequence would be to verify all possible state 
transitions for the device being tested. This requires the 
ability to set the state registers into an arbitrary “present 
state” value andto set the device’s inputs into an arbitrary 
“present input” value. Once this is done, the state ma- 
chine is clocked into a new state, or “next state,” which 
can be checked to validate the transition from the “pres- 
ent state.” In this way any transition can be checked. 


Since PRELOAD can provide the capability to go directly 
to any desired arbitrary state, test sequences may be 


PALCE29M16H-25/35 


greatly shortened. Also, all possible states can be tested, 
thus greatly reducing test time and development costs 
and guaranteeing proper in-system operation. 


Observability 


The output register/latch observability product term, 
when asserted, suppresses the combinatorial output 
data from appearing on the I/O pin and allows the 
observation of the contents of the register/latch on the 
output pin for each of the logic macrocells. This unique 
feature allows for easy debugging and tracing of the 
buried state machines. In addition, a capability of super- 
voltage observability is also provided. 


Security Cell 


A security cell is provided on each device to prevent un- 
authorized copying of the user’s proprietary logic design. 
Once programmed, the security cell disables the pro- 
gramming, verification, PRELOAD, and the observability 
modes. The only way to erase the protection cell is by 
charging the entire array and architecture cells, in which 
case no proprietary design can be copied. (This cell 
should be programmed only after the rest of the device 
has been completely programmed and verified.) 
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LOGIC DIAGRAM (Continued) 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 

Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage fe 

(Except Pin /OE) ~0.5 Vto Ver + 0.5 V Operating ranges define those limits between which the func- 


Peso teeee? tionality of the device is guaranteed. 
DC Input Voltage (Pin !/OE) -0.6Vto+16V 


DC Output or I/O Pin Voltage -0.5V to Vcc +0.5V 


DC Input Current —1 mA to +1 MA 

Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 


mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter | | — | | 
Symbol Parameter Description | Test Conditions | | | | | 
V Output HIGH Voltage loo =-2 MA -Vin= Vin or Vit } 2.4 | V 
| Vcc = Min. 


OH 
Output LOW Voltage lo =6mA | Vin=Vinor Vin ae a 


Voc = Min. ane Es 
V Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 V 
Voltage for all Inputs (Note 1) | 










) lo. = 20 pA 

IH 
Vit Input LOW Voltage Guaranteed Input Logical LOW | Vv 
| | Voltage for all Inputs (Note 1) | | | 
Input HIGH Leakage Current | Vin=5.5V, Voc =Max.(Note2) | | 10] pA | 
Input LOW Leakage Current Vin = 0 V, Voc = Max. (Note 2) | | =10 | pA 

Isc 

cc 





lozH Off-State Output Leakage Vout = 5.5 V, Voc = Max. 10 |} yA | 
Current HIGH Vin = Vin or Vit (Note 2) 

loz Off-State Output Leakage Vout = 0 V, Vcc = Max. -—10 | LA | 
Current LOW Vin = Vin or Vit (Note 2) | 


Piso | Output Short-Circuit Current Vout = 0.5 V, Voc = Max. (Note 3) | -30 | -90 | mA | 







Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) 100 | mA 
Vcc = Max. | 


Notes: 
1. These are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included. 
2. \/O pin leakage is the worst case of Ii, and lozt (or iW and !ozn). 


3. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


| Parameter 
Symbol Parameter Description | Test Conditions | Typ. | Units 





IN 
Output Capacitance Voyur = OV 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 


where capacitance may be affected. 
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SWITCHING CHARACTERISTICS 


Over commercial range unless otherwise specified; all values are determined under the loading of one TTL gate and 
a Capacitance of 35 pF. 


Registered Operation 


eae | ee ee ee 
Symbol | Parameter Description | | Min. | Max. | Min, | Max. _ 


Combinatorial Output 
= Input or 1/O Pin to Combinatorial Output Ff as |] 85 | ons | 


t 
Output Register 


ise | ont Roi Cocro oun 
fide Data Hold Time for Output Register | a Po ff Oo ff ns | 


input Register 


tee Register Feedback Clock to Combinatorial Output 


Data Hold Time for Input Register 


Clock and Frequency 


Register Feedback to Output Register/Latch Setup | | 


f Maximum Frequency itson + toon) 
| 


Maximum Internal Frequency 1/,,. 


tn, Pin Clock Width HIGH 
Pin Clock Width LOW 





CLKL 










| OUTPUT 
REGISTER 





REGISTER 


08811-020A 


Input/Output Register Specs 
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SWITCHING WAVEFORMS 


COMBINATORIAL Vy 
INPUT 


COMBINATORIAL 
OUTPUT 





08811-022A 


COMBINATORIAL _ 
INPUT 


CLOCK 


REGISTERED 
OUTPUT 





08811-023A 2 


REGISTERED 
INPUT 


CLOCK 


COMBINATORIAL 
OUTPUT 





08811-024A 


CLOCK 





08740-026A 


Clock Width 
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SWITCHING CHARACTERISTICS (Continued) 


Over commercial range unless otherwise specified; all values are determined under the loading of one TTL gate and 
a Capacitance of 35 pF. 


Latched Operation 


Parameter 
Symbol | Parameter Description 


Combinatorial Output 

t Input or I/O Pin to Combinatorial Output 

sere Input or I/O Pin to Output via One Transparent Latch 
Output Latch | 
t | Input or I/O Pin to Output Latch Setup 


PO 


SOL 
Latch Enable to Transparent Mode Output 


| Data Hold Time for Output Latch 
Input or I/O Pin to Output Latch Setup via Transparent Input Latch} 18 


teot 
thot 
tor 


Input Latch - 
I/O Pin to Input Latch Setup 
an Latch Feedback, Latch Enable Transparent Mode to 
Combinatorial Output 
Data Hold Time for Input Latch 
Latch Enable | 
Latch Feedback to Output Register/Latch Setup 


| town | Pin Enable Width HIGH 


Pin Enable Width LOW 








LE CS 

'sTL tae: 
tSIL .... 

tpTD tpTp 
<> ead <> 
vO Me) 
- PG - 
VO os — /0 

(66 otc eee ses -“ Na ee eee ee > tot 

tpTp 'ptp 
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Input/Output Latch Specs 
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SWITCHING WAVEFORMS (Continued) 


LATCHED 
INPUT a 






COMBINATORIAL | 
INPUT | | | 
COMBINATORIAL a WAAAY 
HINNYYNIITETINS v 
LATCHED V4 
OUTPUT 
08811-030A 
Latch (Transparent Mode) 
LATCHED 
INPUT 
COMBINATORIAL 
INPUT 
LE 


i. Vz TRANSPARENT 


LATCHED 
OUTPUT 


0881 1-038A 


Output Latch 
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COMBINATORIAL 
OUTPUT 


LATCHED TRANSPARENT 










08811-035A 
LE Width 
LATCHED TRANSPARENT 
— V. INPUT 
LE t LATCH 
tgis 
on OUTPUT 
LE TRANSPARENT Vy LATCHED = LATCH 





08811-031A 
Input and Output Latch Relationship 


LATCHED 
INPUT 


ANA 


yyy) 


ll 





0881 1-034A 


Input Latch 
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Reset/Preset, Enable 










Parameter 
Symbol | Parameter Description a 


ie | Foor 0 Pic Oupu Rago RESET 
[i | Povncvonous RESETPRESET Pub Wah | 6 
in| Favvorous RESETPRESET @ Guu Roger Fever | 73 
Cs ae Borel RESET/PRESET to Input Register/Latch Recovery 12 
Ce [Pn Oo ERD ee 
ie [POE Opt a 
ie [tar Te Opa Ea VRPT 
Tee hut or 10 6 Oape Dae via PT a 








oOo 
S 





ie) 
nn 


ie) 
o1 





* Output disable times do not include test load RC time constants. 


SWITCHING WAVEFORMS (Continued) 


COMBINATORIAL 
ASYNCHRONOUS 
RESET/PRESET 


REGISTERED/ 
LATCHED 
OUTPUT 


CLOCK 


08811-037A 
Output Register/Latch Reset/Preset 


COMBINATORIAL 
ASYNCHRONOUS 
RESET/PRESET 


CLOCK 


0881 1-038A 


Input Register/Latch Reset/Preset 
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PIN 11 


COMBINATORIAL/ 
REGISTERED/ 
LATCHED 
OUTPUT 





08811-039A 
Pin 11 to Output Disable/Enable 


COMBINATORIAL 
INPUT 


COMBINATORIAL/ 
REGISTERED/ 
LATCHED 
OUTPUT 
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Input to Output Disable/Enable 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORMS INPUTS 


MUST BE STEADY WILL BE STEADY 


WILL BE 
CHANGING 
FROM HTOL 


MAY CHANGE 
FROM HTOL 


MAY CHANGE WILL BE 


CHANGING 
FROML TOH FROM LTOH 


AAA sont CARE: ANY CHANGING; 
AWWW CHANGE Permrrren ee 


DOES NOT CENTER LINE IS HIGH 
APPLY IMPEDANCE “OFF” STATE 





KS000010-PAL 


SWITCHING TEST CIRCUIT 


S4 


5V one: 
Ry 
OUTPUT 
T " 
08811-044A 


Z—lL: closed ae 
tetas H-»Z: open 5 pF 620Q 390Q | H->Z: V,,, -0.5 V 
L—Z: closed LZ: V,, +0.5 V 
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PRELOAD AND OBSERVABILITY 


The PALCE29M16H has special preload and observabil- 
ity modes designed in. The PRELOAD mode is very 
useful during structured vector testing after program- 
ming, while the observe mode allows the designer to see 
the contents of any buried registers. 


The PRELOAD waveformis shownin Figure 6. The PRE- 
LOAD registers mode is selected with the mode-select 
pins, the desired data to be loaded into the registers is 
placed on the appropriate I/O pins, and a positive pulse 
on pin 1 is applied. This clocks the new values into the 
registers, and the device can then be returned to normal 
operating mode. 


The observability function allows the user to observe the 
outputs of all sixteen registers. To use the observability 
mode, simply select the observe registers mode with the 
mode-select pins. The register output is automatically 
selected (combinatorial mode is off), and the output will 


be the true side of the register (Q). The data will be 
present as long as the mode-select pins access the 
observe mode (even if pin 11 goes LOW, the output pins 
will still retain the data out of the registers). To exit the 
observe mode, simply change the mode-select pins 
while pin 11 is still at V... 


During observability, pin 1 should remain LOW. If pin 1 
goes HIGH, the device willinterpret this as aclock signal, 
and the previous data may be lost. As long as‘ pin 1 
remains LOW, the state of the registers will not change 
when going from normal-mode operation to observe 
mode or back. 


Product terms provide an alternative method of enabling 
preload and observability. The preload and obervability 
product terms, when asserted, perform the same func- 
tions as the mode select pins and pin 11. 
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Figure 6. Preload Waveform 
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Figure 7. Observability Waveform 
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PRELOAD DC ELECTRICAL CHARACTERISTICS (T, = 25°c + 5°c) 


Parameter Parameter 

Symbol Description 

Input LOW Level During Prog/Verify | 0 | OS | 
24 [34 






input HIGH Level During Prog/Verify | 30 
Verily LOW aaa ea) 
Verify HIGH Ee 





Note: 


AC undershoot on any input should be limited to —1 V. 
Table 2. 





Table 3. Mode Pins 





PRELOAD AC ELECTRICAL CHARACTERISTICS (1, = 25°C + 5°c) 






Mode Setup Prior to Applying Data Oe 1.0" 


| Setup Before Applying Mode | 
Data Setup Prior to Applying PRELOAD Latch Pulse Po aor 4 






ior 1.0 
co] 1.0 | 
[avitet | Vpg Rising Stow Rate Pint) 0100 |v | 


* Recommended value is as close to 1.0 ys pilus tolerance as practical, but not less than 1.0 ps. 
Tabie 4. 





ENDURANCE CHARACTERISTICS 
All PALCE29M16H devices are given multiple erase cycles (endurance cycles) at the factory. 


‘Parameter Parameter _ | | 
Symbol Description _{ Value; Unit Test Conditions 
Cte Minimum Pattern Data Retention Time Years Maximum Storage Temperature 
ae Minimum Reprogramming Cycles Operating Conditions 
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POWER-UP RESET 


The registered devices inthe AMD PAL Familyhavebeen 2. Following reset, the clock input must not be driven 
designed with the capability to reset during system power- from LOW to HIGH until all applicable input and 
up. Following power-up, all registers will be reset to LOW. feedback setup times are met. 


The output state will depend on the polarity of the output 
Parameter Parameter 
Symbol Description 
t 


buffer. This feature provides extra flexibility to the designer 
Power-Up 
PR Reset Time 
tw 
th 










shown below. Due to the asynchronous operation of the 
power-up reset, and the wide range of ways V,,, can rise 
to its steady state, two conditions are required to ensure a 
valid power-up reset. These conditions are: 






See Switching 
Characteristics table 







and is especially valuable in simplifying state machine 
Input or Feedback 
Setup Time 


initialization. A timing diagram and parameter table are 
Clock Width 


[Wes Fise Tine [00 


1. The V,, rise must be monotonic. 


Voc 
POWER 4V 


REGISTERED 
ACTIVE LOW 
OUTPUT 


CLOCK 





08811-043A 
Figure 5. Power-Up Reset Waveform 
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24-Pin EE CMOS Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 


High-performance semi-custom logic 
replacement; Electrically Erasable (E?) 
technology allows reprogrammability 


m 16 bidirectional user-programmable I/O logic 
macrocells for Combinatorial/Registered/ 
Latched operation 


= Output Enable controlled by a pin or product 
terms 


m Varied product term distribution for increased 
design flexibility 


m Programmable clock selection with common 
pin clock/latch enable (LE) or individual 


GENERAL DESCRIPTION 


The PALCE29MA16H is a high-speed, E?-based CMOS 
Programmable Array Logic device designed for general 
logic replacement in TTL or CMOS digital systems. It 
offers high speed, low power consumption, high pro- 
gramming yield, fast programming and excellent reliabil- 
ity. Programmable Array Logic (PAL®) devices combine 
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Advanced 
Micro 
Devices 


product term clock/LE with LOW/HIGH clock/ 
LE polarity 

m Register/Latch Preload permits full logic 
verification 


m High speed (t,, = 25 ns, f,,,= 33 MHz and f,,,, 
internal = 50 MHz) 


w Full-function AC and DC testing at the factory 
for high programming and functional yields 
and high reliability 


B 24-pin 300-mil SKINNYDIP® and 28-pin plastic 
leaded chip carrier packages 


the flexibility of custom logic with the off-the-shelf availa- 
bility of standard products, providing major advantages 
over other semicustom solutions such as gate arrays and 
standard cells, including reduced development time and 
low up-front development cost. 


me 
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Figure 1. Block Diagram 





2-354 





PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices, Inc. 
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices, Inc. 





Publication #08811 Rev.D Amendment /0 
issue Date: January 1990 





GENERAL DESCRIPTION (Continued) 


The PALCE29MA16H uses the familiar sum-of-products 
(AND-OR) structure, allowing users to customize logic 
functions by programming the device for specific applica- 
tions. It provides up to twenty-nine array inputs and 
sixteen outputs. It incorporates AMD’s unique input/out- 
put logic macrocell which provides flexible input/output 
structure and polarity, flexible feedback selection, mul- 
tiple Output Enable choices, and a programmable 
clocking scheme. The macrocells can be individually pro- 
grammed as “Combinatorial,” “Registered,” or “Latched” 
with active-HIGH or active-LOW polarity. The flexibility of 
the logic macrocells permits the system designer to tailor 
the device to particular application requirements. 


Increased logic power has been built into the 
PALCE29MA16H by providing a varied number of logic 
product terms per output. Eight outputs have four product 
terms each, four outputs have eight product terms each, 


CONNECTION DIAGRAMS 
SKINNYDIP 


(Top View) 





08811-002A 
Note: 


Pin 1 is marked for orientation. 


PIN DESCRIPTION 


The following describes the functionality of all the pins on 
the 24-pin SKINNYDIP. The 28-pin chip carrier has the 
same functionality with NO CONNECTS on pins 1, 8, 15, 
22. 


CLK/LE (PIN 1): Used as a dedicated clock/latch enable 
pin for all registers/latches on the device if so selected. 
(See I/O Logic Macrocell Configurations.) This pin is a 
clock pin for macrocells configured as registers and a 
latch enable pin for macrocells configured as latches. 


/OE PIN (PIN 11): Used as a dedicated input pin to the 
AND array or as the Output Enable control pin (Active 
LOW) for all macrocells with pin-controlled Output Enable 
selected. 
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and the other four outputs have twelve product terms 
each. This varied product-term distribution allows com- 
plex functions to be implemented in a single PAL device. 
Each output can be dynamically controlled by a common 
Output Enable pin or individual Output Enable product 
term. Each output can also be permanently enabled or 
disabled. 


System operation has been enhanced by the addition of 
common asynchronous-PRESET and RESET product 
terms and a power-up RESET feature. The 
PALCE29MA16H also incorporates PRELOAD and 
Observability functions which permit full logic verification 
of the design. 


The PALCE29MA16H is offered in the space-saving 300- 
mil SKINNYDIP package as well as the plastic leaded 
chip carrier package. 


PLCC 


CLK/ 
lo LE NC Yeo Ig WOF7 


VOF 





VOF, VOE GND NC 1, Ig WVOF, 


ae 08811-003A 
Pin Designations: 
= Input 
VO = Input/Output 
VOF — = Input/Output with Dual Feedback 
Voc = Supply Voltage 
GND = Ground 


CLK/LE = Clock or Latch Enable 
NC = No Connection 


Il, (PINS 2, 13, 14, 23): Dedicated input pins. 


V/OF,-V/OF, (PINS 3, 4, 9, 10, 15, 16, 21, 22): Eight 
bidirectional i/O pins with two independent feedback 
paths to the AND array. The first feedback path is a 
dedicated I/O pin feedback to the AND array for combina- 
torial input. The second feedback path consists of direct 
register/latch feedback to the array (See Figure 2b). 


1/0,-/0, (PINS 5, 6, 7, 8, 17, 18, 19, 20): Eight bidirec- 
tional I/O pins with user-programmable register/atch or 
I/O pin feedback to the AND array (see Figure 2a). 


Voc (PIN 24): Supply Voltage 
GND (PIN 12): Circuit Ground. 
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ORDERING INFORMATION 


Commercial Products 
AMD programmabie logic products for commercial applications are available in several packages and operating ranges. The order 
number (Valid Combination) is formed by a combination of: a. Device Number 

b. Power/Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


PAL CE 29 MA16H-25PC 


a. ee ne = e. OPTIONAL PROCESSING 
ARRAY LOGIC Blank = Standard processing 
CMOS ELECTRICALLY ERASABLE d. TEMPERATURE RANGE 

C = Commercial (0°C to +75°C) 
c. PACKAGE TYPE 
NUMBER OF ARRAY P = 24-Pin Plastic SKINNYDIP 
INPUTS (PD3024) 
D = 24-Pin Ceramic SKINNYDIP 
OUTPUT TYPE (CD3024) 
MA = Advanced Asynchronous J = 28-Pin Plastic Leaded 
Macrocell Chip Carrier (PL 028) 
NUMBER OF FLIP-FLOPS b. POWER/SPEED OPTION 


Speed: 
Valid Combinations | 


-25 = 25 ns 
-35 = 35 ns 
PALCE29MA16H-25 PC, DC, JC 
PALCE29MA16H-35 








Power: 
H = Half Power (100 mA) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to check 
on newly released combinations, and to obtain 
additional data on AMD’s standard military grade 
products. 


Note: 
Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 
Inputs 


The PALCE29MA16H has twenty-nine inputs to drive 
each product term (up to fifty-eight inputs with both TRUE 
and complement versions available to the AND array) as 
shownin the block diagram in Figure 1. Of these twenty- 
nine inputs, four are dedicated inputs, sixteen are from 
eight I/O logic macrocells with two feedbacks, eight are 
from other I/O logic macrocells with single feedback and 
one is the I/OE input. 


Initially the AND-array gates are disconnected from all 
the inputs. This condition represents a logical TRUE for 
the AND array. By selectively programming the E? cells, 
the AND array may be connected to either the TRUE 
input or the complement input. When both the TRUE and 
complement inputs are connected, a logical FALSE 
results at the output of the AND gate. 


Product Terms 


The degree of programmability and complexity of a PAL 
device is determined by the number of connections that 
form the programmable-AND and OR gates. Each pro- 
grammable-AND gate is called a product term. The 
PALCE29MA16H has 178 product terms; 112 of these 
product terms provide logic capability and others are 
architectural product terms. Among the control product 
terms, oneis for Observability, and one is for PRELOAD. 
The Output Enable of each macrocell can be pro- 
grammed to be controlled by a common Output Enable 
pin or an individual product term. It may also be perma- 
nently enabled or permanently disabled. In addition, 
independent product terms for each macrocell control 
PRESET, RESET and CLK/LE. 


Each product term onthe PALCE29MA16H consists of a 


COMMON 
V/OE (PIN) 


INDIVIDUAL OE 


INDIVIDUAL 
ASYNCHRONOUS 
PRESET 

PO 


P7 OR P11 
COMMON 
CLK/LE (PIN) 


INDIVIDUAL 
CLK/LE 


INDIVIDUAL 
ASYNCHRONOUS 
RESET 


TO AND ARRAY 





58-input AND gate. The outputs of these AND gates are 
connected to a fixed-OR plane. Product terms are allo- 
cated to OR gates in a varied distribution across the 
device ranging from four to twelve wide, with an average 
of seven logic product terms per output. An increased 
number of product terms per output allows more complex 
functions to be implemented in a single PAL device. This 
flexibility aids in implementing functions such as count- 
ers, exclusive-OR functions, or complex state machines, 
where different states require different numbers of prod- 
uct terms. 


Individual asynchronous-PRESET and RESET product 
terms are connected to all Registered/Latched inputs/ 
outputs. 


When the asynchronous-PRESET product term is as- 
serted (HIGH), the register/latch will immediately be 
loaded with a HIGH, independent of the clock. When the 
asynchronous-RESET product term is asserted (HIGH), 
the register/latch will be immediately loaded with a LOW, 
independent of the clock. The actual output state will 
depend on the macrocell polarity selection. The latches 
must be in latched mode (not transparent mode) for the 
RESET/PRESET, PRELOAD, and power-up RESET 
modes to be meaningful. 


Input/Output Logic Macrocells 

The I/O logic macrocell allows the user the flexibility of 
defining the architecture of each input or output on an 
individual basis. It also provides the capability of using 
the associated pin either as an input or an output. 


The PALCE29MA16H has sixteen macrocells, one for 
each I/O pin. Each I/O macrocell can be programmed for 


Vec 


<>] VO x 


7 08811-004A 


Figure 2a. PALCE29MA16H Macrocell (Single Feedback) 
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combinatorial, registered or latched operation (see Fig- 
ure 2). Combinatorial output is desired when the PAL 
device is used to replace combinatorial glue logic. Reg- 
isters are used in synchronous logic applications while 
latches are used in asynchronous applications. Regis- 
ters with product term controlled clocks can also be used 
in asynchronous applications. 


The output polarity for each macrocell in each of the 
three modes of operation is user-selectable, allowing 
complete flexibility of the macrocell configuration. 


Eight of the macrocells (/OF,-I/OF.) have two independ- 
ent feedback paths to the AND array (see Figure 2b). The 
first is a dedicated I/O pin feedback to the AND array for 
combinatorial input. The second path consists of a direct 
register/latch feedback to the array. If the pin is used as 
a dedicated input using the first feedback path, the 
register/latch feedback path is still available to the AND 
array. This path provides the capability of using the 
register/latch as a buried state register/latch. The other 
eight macrocells have a single feedback path to the AND 
array. This feedback is user-selectable as either an I/O 
pin or a register/latch feedback (see Figure 2a). 


Each macrocell can provide true input/output capability. 
The user can select each macrocell register/latch to be 
driven by either the signal generated by the AND-OR 
array or the 1/O pin. When the I/O pin is selected as the 
input, the feedback path provides the register/latch input 
to the array. When used as an input, each macrocell is 
also user-programmabie for registered, latched, or 
combinatorial input. 


The PALCE29MA16H has one dedicated CLK/LE pin 
and an individual CLK/LE product term. All macroceils 
have a programmable select to choose between these 
two as the clock or the latch enable signal. These signals 
are clock signals for macrocells configured as registers 


and latch enable signals for macrocells configured as 
latches. The polarity of these CLK/LE signals is also in- 
dividually programmable. Thus different registers can be 
driven by different clocks and clock phases. 


The Output-Enable mode of each of the macrocells can 
be selected by the user. The I/O pincan be configured as 
an output pin (permanently enabled) or as an input pin 
(permanently disabled). It can also be configured as a 
dynamic 1/O controlled by the Output Enable pin or by a 
product term. 


1/O Logic Macrocell Configuration 


AMD’s unique /O macrocell offers major benefits 
through its versatile, programmable input/output cell 
structure, multiple clock choices, flexible Output Enable 
and feedback selection. Eight I/O macrocells with single 
feedback contain nine E? cells, while the other eight 
macrocells contain eight E* cells for programming the 
input/output functions (see Table 1). 


E? cell S1 controls whether the macrocell will be combi- 
natorial or registered/latched. SO controls the output 
polarity (active-HIGH or active-LOW). S2 determines 
whether the input/output is a register or a latch. S3 allows 
the use of the macrocell as aninput register/latch or as an 
output register/latch. It selects the direction of the data 
path through the register/latch. If connected to the usual 
AND-OR array output, the register/latch is an output con- 
nected to the I/O pin. If connected to the I/O pin, the 
register/latch becomes an input register/latch to the AND 
array using the feedback data path. 


Programmable E* cells S4 and S5 allow the user to select 
one ofthe four CLK/LE signals for each macrocell. S6 and 
S7 are used to control Output Enable as pin controlled, 
product term controlled, permanently enabled, or perma- 
nently disabled. S8 controls a feedback multiplexer for 
the macrocelis with a single feedback path only. 
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Figure 2b. PALCE29MA16H Macrocell (Dual Feedback) 
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Using the programmable E? cells SO-S8 various input In the virgin erased state (charged, disconnected), an 
and output configurations can be selected. Some of the — architectural cellis said to have a value of “1;” in the pro- 
possible configuration options are shown in Figure 3. grammed state (discharged, connected to GND), an 


architectural cell is said to have a value of “0.” 
/O Cell 


| sa | so | Storage Element 
1 Output Cell 1 Register 
0 Input Cell 0 Latch 
Output Type 


| ost | so | Output Polarity 
Combinatorial 
Register/Latch 





















| 1 Active LOW 
a) 0 Active HIGH 


Feedback* 


1 Register/Latch 
0 VO 


* Applies to macrocells with single feedback only. 















Table 1a. PALCE29MA16H I/O Logic Macrocell Architecture Selections 


a — 
1 | Pin-Controlled Three-State Enable 

| 1 | 0 | PT-Controlied Three-State Enable | 
To [+ | Permanently Enabled (Ourputoniy) | 
ay 


iO. Permanently Disabled (Input only) 


sa | ss Clock Edge/Latch Enable Level 
CLK/LE pin positive-going edge, active-LOW LE 
ao CLK/LE pin negative-going edge, active-HIGH LE 
Ke) ae CLK/LE PT positive-going edge, active-LOW LE 
Fo | 0 | CLK/LE PT negative-going edge, active-HIGH LE 


1 = Erased State (Charged or disconnected). 
0 = Programmed State (Discharged or connected). 


Table 1b. PALCE29MA16H I/O Logic Macrocell Clock Polarity and Output Enable Selections 
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| SOME POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL 


(For other useful configurations, please refer to the macrocell diagrams in Figure 2. All macrocell architecture cells are 
independently programmable.) 


Output Registered/Active Low Output Combinatorial/Active Low 





08811-006A 08811-007A 


Output Registered/Active High Output Combinatorial/Active High 





0881 1-008A 0881 1-009A 


Figure 3a. Dual-Feedback Macrocells 


Output Registered/Active Low, I/O Feedback Output Combinatorial/Active Low, I/O Feedback 
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Output Latched/Active High, I/O Feedback Output Combinatorial/Active High, I/O Feedback 






So =0 
S,=1 
S3=1 
Sg =0 





08811-012A 08811-013A 


Figure 3b. Single-Feedback Macrocells 
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SOME POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL 


(Continued) 
Output Registered/Active Low, Register Feedback 





=1 
08811-014A 


Output Latched/Active Low, Latched Feedback 





08811-016A 


Figure 3b. Single-Feedback Macrocell (Continued) 


Output Combinatorial/Active Low, Register Feedback 









Sg=1 
S$;=1 
S3=1 
Sg=1 
So=0 


input Registered/Latched 





Programmable-AND Array 


$3 =0 
Sg = 1 (FOR SINGLE FEEDBACK ONLY) 
S2 = 1 REGISTER 

=0 LATCH 


08811-018A 


Figure 3c. All Macrocelis 


DESIGNED-IN TESTABILITY AND DEBUGGING 


Preload 


To simplify testing, the PALCE29MA16H is designed 
with PRELOAD circuitry that provides an easy method 
for testing logical functionality. Both product term con- 
trolled and supervoltage-enabled PRELOAD modes are 
available. This offers even more test capability than 
previously implemented in AMD’s PAL devices. The 
TTL-level PRELOAD product term can be useful during 
debugging, where supervoltages may not be available. 


PRELOAD allows any arbitrary state value to be loaded 
into the registers/latches of the device. A typical func- 
tional-test sequence would be to verify all possible state 
transitions for the device being tested. This requires the 
ability to set the state registers into an arbitrary “present 
state” value and to set the device’s inputs into any arbi- 
trary “present input” value. Once this is done, the state 
machine is clocked into a new state, or “next state”, which 
can be checked to validate the transition from the “pres- 
ent state”. In this way any transition can be checked. 


Since PRELOAD can provide the capability to go directly 
to any desired arbitrary state, test sequences may be 
greatly shortened. Also, all possible states can be tested, 


PALCE29MA16H-25/35 


thus greatly reducing test time and development costs 
and guaranteeing proper in-system operation. 


Observability 


The output register/latch observability product term, 
when asserted, suppresses the combinatorial output 
data from appearing on the I/O pin and allows the 
observation of the contents of the register/latch on the 
output pin for each of the logic macrocells. This unique 
feature allows for easy debugging and tracing of the 
buried state machines. In addition, a capability of super- 
voltage observability is also provided. 


Security Cell 


A security cell is provided on each device to prevent 
unauthorized copying of the user’s proprietary logic 
design. Once programmed, the security cell disables the 
programming, verification, PRELOAD, and the observa- 
bility modes. The only way to erase the protection cell is 
by charging the entire array and architecture cells, in 
which case no proprietary design can be copied. (This 
cell should be programmed only after the rest of the 
device has been completely programmed and verified.) 
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SKINNYDIP (PLCC) Pinouts 


LOGIC DIAGRAM 
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LOGIC DIAGRAM (Continued) 
SKINNYDIP (PLCC) Pinouts 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —0.5 Vto Vcc + 0.5 V 


Operating ranges define those limits between which the func- 


(Except Pin I/OE) tionality of the device is guaranteed. 


DC Input Voltage (Pin OE) -0.6Vto 16V 

DC Output or I/O Pin Voltage -0.5V to Vcc +0.5V 
DC Input Current —1 mA to +1 mA 
Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 


mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter 
— Parameter Description Test Conditions 
Output HIGH Voltage lon =-2 MA Vin= Vin or Vit 2.4 
Vec = Min. : 
: | 05] Vv 


Output LOW Voltage Vin = Vin or Vit 


Vec = Min. 
| ae = 20 pA | 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
| _ Voltage for all Inputs (Note 1) 
Vit Input LOW Voltage Guaranteed Input Logical LOW | 
| Voltage for all Inputs (Note 1) 
| on | Input HIGH Leakage Current Vin = 5.5 V, Voc = Max. (Note 2) Ff 10 | pA | 
Foe Input LOW Leakage Current Vin = 0 V, Voc = Max. (Note 2) Peete ate 


lozH Off-State Output Leakage Vout = 5.5 V, Vec = Max. 10 
Current HIGH Vin = Vin or Vit (Note 2) 
loz Off-State Output Leakage Vout = 0 V, Vcc = Max. —10 
Current LOW Vin = Vin or Vit (Note 2) 
= Output Short-Circuit Current Vout = 0.5 V, Voc = Max. (Note 3) ee it bet 


Supply Current Vin = 0 V, Outputs Open (lout = 0 MA) 100 | mA 
Vcc = Max. 


Notes: 
1. These are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included. 
2. WV/Opin leakage is the worst case of li, and loz (or li and lozn). 


3. Notmore than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol | Parameter Description Test Conditions Typ. 





Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 
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SWITCHING CHARACTERISTICS 
Over commercial range unless otherwise specified; all values are determined under the loading of one TTL gate and 
a Capacitance of 35 pF. ) 
Registered Operation 

Parameter 


| a 
PS momen i 


| Combinatorial Output 


[te [Input or vO Pinto Gombnatoral Output ————SSSSSSCdYSCSC*d; SS CSTSCdYCS CC 
Output Register - Pin Clock 

[inputorVO Pinto OuipatRegistorSeup SST (1 TCT Td 
[OuiputRegister ockioOup SCT iY Ls [| 
[Data Hold Time for OutputRegster SSCS 


Output Register - Product Term Clock 


t /O Pin or Input to Output Register Setup | 4 | | 6 {| [ns | 
rae foo 


Output Register Clock to Output 


eae Data Hold Time for Output Register =e ae ccs eee eS 


| Input Register - Pin Clock 


an Register Feedback Clock to Combinatorial Output 
, , | 


Hie Data Hold Time for Input Register 


| Register Feedback (Pin Driven Clock) to Output Register/Latch 
(Pin Driven) Setup 


| Register Feedback (PT Driven Clock) to Output Register/Latch 
(PT Driven) setup 





































tor 
tor 
tor 














SORP 


CORP 





Comal 























CISPP 







 f 
f 
f 


Maximum Frequency (Pin Driven) 1/(teon + toon) 





MAX 


are Maximum Internal Frequency (Pin Driven) 1/,,, 


Maximum Frequency (PT Driven) 1/(t +t 


SORP corp) 


f Maximum Internal Frequency (PT Driven) 14 
teas Pin Clock Width HIGH 
L 


WwW 
Pin Clock Width LOW 


PT Clock Width HIGH 


PT Clock Width LOW - 


MAXP 





MAXIPP CISPP 

















OUTPUT 
REGISTER 





08811-020A 08811-021A 
Input/Output Register Specs (Pin CLK Reference) Input/Output Register Specs (PT CLK Reference) 
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SWITCHING WAVEFORMS 


COMBINATORIAL Vy 
tpp—> 
Ai il WNT) 
COMBINATORIAL He Ws 
088 11-022A 
Combinatorial Output 


COMBINATORIAL 
INPUT 


CLOCK 





sot j IT 


08811-023A 
Output Register (Pin Clock) , 





REGISTERED 
INPUT 


COMBINATORIAL 
INPUT AS CLOCK 





~<—tciRP 
| AW 
COM Pe one XN) i ‘HN RST 
08811-024A 
Output Register (PT Clock) 


REGISTERED 
INPUT 


CLOCK 


COMBINATORIAL 
OUTPUT 


——— 





NN ie Vy 


08811-025A 
Input Register 
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SWITCHING WAVEFORMS (Continued) 


CLOCK 





08811-026A 
Pin Clock Width 


COMBINATORIAL 
INPUT AS CLOCK 





08811-027A 


PT Clock Width 
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SWITCHING CHARACTERISTICS (Continued) 


Over commercial range unless otherwise specified; all values are determined under the loading of one TTL gate and 
a capacitance of 35 pF. 


Latched Operation 


ae [es | os CS 
symbol ee Se 


Combinatorial Output 


[tn [puter tO PnieContnawialoupn ————SCS~=~isdSC“‘i( CTO 


Output Latch - Pin LE 


[inputorVO Pine OupatachSap—SSCSC—~“—~*~idCSSC CdS Td 
8 

































eae 
tio | Data Hold Time for Outputtach ———C«dLCO 
Output Latch - PT LE | | 


Input or VO Pin to Output Latch Setup Lad 
Latch Enable to Transparent Mode Output Fe. paul 


Data Hold Time for Output Latch 


Input or I/O Pin to Output Latch Setup via Transparent Input Latch 
Input Latch - Pin LE 


I/O Pin to Input Latch Setup 2 


taig Latch Feedback, Latch Enable Transparent Mode to 
Combinatorial Output 
Data Hold Time for Input Latch gS 


Latch Enable 


ti Latch Feedback (Pin Driven) to Output Register/Latch 20 

(Pin Driven) Setup 
Latch Feedback (PT Driven) to Output Register/Latch 25 

(PT Driven) Setup 


Pin Enable Width HIGH 


Pin Enable Width LOW 
PT Enable Width HIGH 
PT Enable Width LOW 


Latch Enable to Transparent Mode Output 15 | | 20 | ons | 
























towce 


“Et 
INPUT J 





t 
t Se Sect reer I, I Aches Ceca cc eaecs raeieae au > 'Goup 
eeex >! LATCH LATCH 
tpTp I tpTD tptp 
SS HES ae =<. 
vo vO ; Vo 
<> <I <> 
vo ae vO vO 
tsoL Nee eee ee >to 
tptp tptp to7p 
tpp top | > ton 
0881 1-028A 08811-029A 
Input/Output Latch Specs (Pin LE Reference) Input/Output Latch Specs (Pin LE Reference) 
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SWITCHING WAVEFORMS (Continued) 


LATCHED V 
INPUT T 


tpTD —> 


WAN 


COMBINATORIAL 
INPUT 


COMBINATORIAL 
OUTPUT 


AAR 


LATCHED 
OUTPUT 





08811-030A 


Latch (Transparent Mode) 


LATCHED Vv 
INPUT T 


COMBINATORIAL 
INPUT 


LATCHED 


OUTPUT 


08811-032A 
Output Latch (Pin LE) 


LATCHED 
INPUT 


COMBINATORIAL 
OUTPUT 


LATCHED TRANSPARENT 





08811-035A 


Pin LE Width 








COMBINATORIAL 









LATCHED TRANSPARENT 
— INPUT 
LE LATCH 
<— tals 
= OUTPUT 
LE TRANSPARENT LATCHED = LATCH 
08811-031A 


Input/Output Latch Relationship 


LATCHED Y, 
INPUT T 


COMBINATORIAL 
INPUT 


COMBINATORIAL 
INPUT AS LE 


LATCHED 
OUTPUT 





08811-033A 
Output Latch (PT CE) 
0881 1-034A 
LATCHED TRANSPARENT 


INPUT AS LE 





08811-036A 


PT LE Width 
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Reset/Preset, Enable 

ad ee os 

‘eso | input or WO Pin to Output RegisteratchRESETPRESET [|__| 

uw | Asynchronous RESETIPRESETPulse Width |S 

[vo _| Asynchronous RESET/PRESET to Ouiput RegisterLatch Recoveny| 15 _| 
PT Clock/LE 

tm | Asynchronous RESET/PRESET to Input Register/Latch Recovery ey 
PT Clock/LE 





Output Enabie Operation 


V/OE Pin to Output Enable 

V/OE Pin to Output Disable 

Input or I/O to Output Enable via PT 

Input or I/O to Output Disable via PT 


* Output disable times do not include test load RC time constants. 





SWITCHING WAVEFORMS (Continued) 





COMBINATORIAL COMBINATORIAL 
ASYNCHRONOUS ASYNCHRONOUS 
RESET/PRESET RESET/PRESET 
REGISTERED/ TAN 
LATCHED ; 
OUTPUT VAAN CLOCK 
CLOCK 
08811-037A 08811-038A 
Output Register/Latch Reset/Preset Input Register/Latch Reset/Preset 


PIN 11 


COMBINATORIAL/ 
REGISTERED/ 
LATCHED 
OUTPUT 
08811-039A 


COMBINATORIAL 
INPUT 


COMBINATORIAL/ 
REGISTERED/ 
LATCHED 
OUTPUT 





08811-042A 


Input to Output Disable/Enable 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORMS INPUTS OUTPUTS 


MUST BE STEADY WILL BE STEADY 


WILL BE 
CHANGING 
FROMHTOL 


MAY CHANGE 
FROMH TOL 


MAY CHANGE WILL BE 


CHANGING 
ences FROMLTOH 


VW N'T CARE; ANY CHANGING; 
WA CHANGE PERMITTED STATE UNKNOWN 


WW 
WW) 


ii 


DOES NOT CENTER LINE IS HIGH 
APPLY IMPEDANCE "OFF" STATE 


S1 
5V 0—o 
Ry 
OUTPUT 
“ " 
08811-044A 


Specification | Switch S, | | oR, | oR, Measured Output Value 


Cc. 
Z—L: closed 
ta2et H->Z: open 5 pF 





KS000010-PAL 


SWITCHING TEST CIRCUIT 















6209 39092 ‘| HZ: V,,, -0.5 V 
LZ: V,, +0.5 V 
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PRELOAD and OBSERVABILITY 


The PALCE29MA16H has special preload and observa- 
bility modes designed in. The PRELOAD mode is very 
useful during structured vector testing after program- 
ming, while the observe mode allows the designer to see 
the contents of any buried registers. 


The PRELOAD waveform is shown in Figure 6. The 
PRELOAD registers mode is selected with the mode- 
select pins, the desired data to be loaded into the regis- 
ters is placed on the appropriate I/O pins, and a positive 
pulse on pin 1 is applied. This clocks the new values into 
the registers, and the device can then be returned to 
normal operating mode. 


The observability function allows the user to observe the 
outputs of all sixteen registers. To use the observability 
mode, simply select the observe registers mode with the 
mode-select pins. The register output is automatically 
selected (combinatorial mode is off), and the output will 


be the true side of the register (Q). The data will be 
present as long as the mode-select pins access the 
observe mode (even if pin 11 goes LOW, the output pins 
will still retain the data out of the registers). To exit the 
observe mode, simply change the mode-select pins 
while pin 11 is still at V,,. 


During observability, pin 1 should remain LOW. If pin 1 
goes HIGH, the device will interpret this as a clock signal, 
and the previous data may be lost. As long as pin 1 
remains LOW, the state of the registers will not change 
when going from normal-mode operation to observe 
mode or back. 


Product terms provide an alternative method of enabling 
preload and observability. The preload and observability 
product terms, when asserted, perform the same func- 
tions as the mode select pins and pin 11. 


Vpp 
any — ef | — tp (dVridt) 
Vv 
ILP . | 
—r| ja—ty <— tH —p> te (dVt/dt) 
Vv 
mopE “IHP 
SELECT LAVA PRELOAD Cdl 
PINS = ViLP LLL S/ MODE | 
7 ‘ms ‘vo 3 
IHP 
VO PINS VAN AN pata To BE fLlilil]/ 
ViLp FLEL/ RELOADED LAALLANS 
t ‘a t 
V; DS H 
crock |? 
PIN 1 | 
ViLP 
08811-040A 
Figure 6. Preload Waveform 
Vpp 
PIN 11 —»> <«— tp(dVr/dt) 
Vv : 
ILP 
‘ —>| j«<—ty <— tH —» te (dVE/dt) 
MODE “IHP . 
SELECT VANN OBSERVE fl 
PINS ViLp (LLIN. MODE | 
: tus \- a t, 10 
IHP = , 
VO PINS LANNY REGISTER LLilll/ 
Vitp [LL/ DATA _ LAALAANLS 
CLOCK 
PINT vy. 
08811-041A 


Figure 7. Observability Waveform 
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PRELOAD DC ELECTRICAL CHARACTERISTICS (T, = 25°C + 5°C) 


Parameter 
Symbol Parameter Description 


TVop | PRELOAD Volos SSCSCSC~C~C~dC 
a 
om 












V 
V 







Vari LOW ee ce 
Verily HIGH p2a [aap 
Note: 

AC undershoot on any input should be limited to —1 V. 


Table 2. 





: 


Table 3. Mode Pins 


PRELOAD AC ELECTRICAL CHARACTERISTICS (T, = 25°C + 5°C) 


Parameter | 
Symbol Parameter Description 


Setup Before Applying Mode 






oe 
eee ol Data Setup Prior to Applying PRELOAD Latch Pulse a | 
Data/Mode Hold After Latch Pulse 
ae | 
eee 





Data Latch Pulse Width a 
VO Valid After Pin 11 Drops from V,, to TTL Levels 


V._ Rising Slew Rate (Pin 11) 
dVf/dt Vpp Falling Slew Rate (Pin 11) 


“ Recommended value is as close to 1.0 ps plus tolerance as practical, but not less than 1.0 us. 


Table 4. 


ENDURANCE CHARACTERISTICS 


All PALCE29MA16H devices are given multiple erase cycles (endurance cycles) at the factory. 


Parameter | 
Symbol Parameter Description Value Test Conditions 


Ewe Minimum Pattern Data Retention Time Maximum Storage Temperature 
ceil cect Operating Conditions 










Minimum Reprogramming Cycles 
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POWER-UP RESET 


The registered devicesinthe AMD PAL Family have been 
designed with the capability to reset during system power- 
up. Following power-up, all registers will be reset to LOW. 
The output state will depend on the polarity of the output 
buffer. This feature provides extra flexibility to the de- 
signer and is especially valuable in simplifying state 
machine initialization. A timing diagram and parameter 
table are shown below. Due tothe asynchronous operation 
of the power-up reset, and the wide range of ways V.,.can 
rise to its steady state, two conditions are required to 
ensure a valid power-up reset. These conditions are: 


1. The V,, rise must be monotonic. 


2. Following reset, the clock input must not be driven 


POWER 4V 


one 


REGISTERED 
ACTIVE LOW 
OUTPUT 


CLOCK 






Input or Feedback 
| Setup Time | 


from LOW to HIGH until all applicable input and feedback 
setup times are met. 


Parameter | Parameter 
Symbol Description 


Reset Time 
See Switching | 
Characteristics table 







[tn MecRse Tine [500 [as 


Voc 


SS 


// 
\\i 


tw 


08811-043A 


Figure 5. Power-Up Reset Waveform 
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it 


PAL32VX10/A 


24-Pin Versatile with XOR Programmable Array Logic 


Advanced 
Micro 
Devices 





DISTINCTIVE CHARACTERISTICS 
m increased logic power 
— Up to 32 inputs and 10 outputs 


™ Dual independent feedback paths allow buried 
state registers or input registers 


@ Programmable flip-flops allow J-K, S-R, T or D 
types for efficient use of product terms 


@ 10 input/output macrocells for flexibility 


= Programmable registered or combinatorial 
outputs 


@ Individual user-programmable output polarity 


GENERAL DESCRIPTION 


The PAL32VX10/A is a high-density Programmable Ar- 
ray Logic (PAL®) device which implements a sum-of- 
products transfer function via a user-programmable 
AND logic array and a fixed OR logic array. Featured are 
ten highly flexible input/output macrocells which are 
user-configurable for combinatorial or registered opera- 
tion. Each flip-flop can be programmed to be either a 
J-K, S-R, T, or D-type for optimal design of state ma- 
chines and other synchronous logic. In addition, a 
unique dual feedback architecture allows I/O capability 
for each macrocell in both combinatorial and registered 
configurations. This can be achieved even when regis- 
ter feedback is present, and allows implementation of 
buried flip-flops while preserving the external macrocell 
input. The PAL32VX10/A is supplied in a space-saving 
300-mil-wide dual in-line package offering a powerful, 


BLOCK DIAGRAM 


13 11 10 9 8 7 
144 ho lp ig 7 lg 
(16) (13) (12) (11) (10) (9) 


PROGRAMMABLE AND ARRAY 
(64 X 152) 


teeter ect ele tlact ace 


ACRO mien scroll tH 
ie LL tee 


tee 


— Global register asynchronous/synchronous 
preset/reset 


@ Automatic register preset on power up 
™ Preloadable output registers for testability 


@ Varied product term distribution 
— Up to 16 product terms per output 


™ 300-mil SKINNYDIP® or PLCC packages 


@ Pin-compatible superset of PAL22V10 


space-saving alternative to SSI/MSI logic devices, while 
providing the advantage of instant prototyping. Security 
fuses defeat readout after programming and make pro- 
prietary designs difficult to copy. 


The PAL32VX10/A is fabricated using Advanced Micro 
Devices’ advanced oxide-isolated bipolar process for 
high speed and low power. TiW fuse links provide high 
reliability and programming yields. Preloadable output 
registers facilitate functional testing. 


The PAL32VX10/A can be programmed on standard 
PAL device programmers, fitted with appropriate pro- 
gramming modules and configuration software. ao 
development is supported by AMD’s PALASM® soft- 
ware as well as by other programmable logic CAD tools 
available from third-party vendors. 


e 4 2 1 
5 i lo 1 ig /CLK 
a é (2) 


3 1 
(5) (4) (3) 


nce HHMAcRo seat Hac 
es ‘t fey 
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PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. Publication # 10290 Rev. B Amendment/0 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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Issue Date: January 1990 





CONNECTION DIAGRAMS 
Top View 


SKINNYDIP PLCC 





x 
soot 
1, /CLK le Voc Ye _ < 9 8 Oo oy 
ly 2 vO , a - 
) : - DUR eeeee 
2 2 
a3 4 
iy 4 VO 5 . 
I, } 5 VO , ly | 25][ |, 
ls 6 VO s t, L_]e 2a{_ |vo, 
lg 7 VO ¢ i. [_]7 23{ |vOs 
1, 8 as nc [_ |a NC 
l 9 Me) 
' Is L_Jje 21 |_| V6 
4 ii '7 [_}ro 20 [|_| vO7 
lo LJ 1 VO 40 ? 
GND [__] 12 lai Ig Ltt 19 |. | Wg 





14 18 
oa o a O° se © op} 
oo ac a a ©) 

O QoQ = 


10290-002A 10290-003A 


Note: 


Pin 1 is marked for orientation. 


PIN DESIGNATIONS 


CLK Clock 

GND Ground 

| Input 

/O Input/Output 
NC No Connect 
Vcc Supply Voltage 
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ORDERING INFORMATION 


Commercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 
b. Number of Array Inputs 
. Output Type 
. Number of Outputs 
Speed 
Operating Conditions 
. Package Type 
. Optional Processing 


sa 7-02 a0 


PAL 32 VX10ACNS 


MILY TYPE ft L h. OPTIONAL PROCESSING 
ene 7 Blank = Standard Processing 
g. PACKAGE TYPE 


PAL = Programmable Array Logic 
NS = 24-Pin 300-mil Plastic 


b. NUMBER OF 
SKINNYDIP (PD3024) 






ARRAY INPUTS 


c. OUTPUT TYPE FN = 28-Pin Plastic Leaded Chip 
VX = Versatile with XOR Carrier (PL 028) 
JS = 24-Pin 300-mil Ceramic 
e. SPEED 





A= 25ns tpp 
Blank = 30 ns tpp 


f. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 







Valid Combinations. 
| PAL32VX10 CNS, CFN, 
PAL32VX10A CJS 





Note: Marked with MMI logo. 
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FUNCTIONAL DESCRIPTION 


The PAL32VX10/A has twelve dedicated input lines and 
ten programmable I/O macrocells. Pin 1 serves either as 
an array input or as a clock for all flip-flops. Buffers for 
device inputs have complementary outputs to provide 
user-programmable input signal polarity. The fuse ma- 
trix implements a programmable AND logic array, which 
drives a fixed OR logic array. 


The high level of flexibility built into each macrocell, 
shown in Figure 1, allows the PAL32VX10/A to imple- 
ment over thirty different architecture options. Each 
macrocell can be individually programmed to implement 
a variety of combinatorial or registered logic functions. 


SR CK 





AP 10290-005A 


Figure 1. PAL32VX10/A Macrocell 


Dual Output Feedback 


Dual feedback paths associated with each macrocell 
provide independent feedback paths directly into the ar- 
ray from both the flip-flop output and the output pin. Un- 
like other devices which have a single feedback path, 
the PAL32VX10/A allows each output to have full I/O ca- 
pability when configured as either a combinatorial out- 
put or a registered output, even if register feedback to 
the array is used. Thus registers can be loaded from 
their outputs. 


Ifa macrocell is configured as a dedicated input, by dis- 
abling the three-state output buffer, the dual feedback 
architecture allows use of the associated register as an 


PAL32VX10/A 


input register or as a “buried” state register, avoiding 
waste of the flip-flop, as shown in Figure 2. 


10290-006A 





Figure 2. Buried Flip-Flops With Dedicated Inputs 


Programmable Flip-flops 


Each output macrocell contains a unique programmable 
flip-flop consisting of a basic D-type flip-flop driven by an 
XOR gate. This allows the user to choose the optimal 
flip-flop for the design, since either J-K, S-R, or T-type 
flip-flops can be synthesized from such a structure with- 
out wasting product terms. 


As indicated in the macrocell logic diagram, one input of 
the XOR gate is connected to a single product term, 
while the second input is connected to the output of the 
OR logic array. The XOR gate output feeds the input of 
the D flip-flop. The way in which the XOR gate is used to 
synthesize the different flip-flop types is described in de- 
tail below. 


D Flip-Flop. The D flip-flop option is implemented di- 
rectly. In this configuration, the XOR gate on the input of 
the flip-flop can be used to program the logic polarity of 
the transfer function. 


J-K Flip-Flop. The J-K flip-flop option can be easily syn- 
thesized with a more sophisticated manipulation of the 
XOR gate inputs and the D flip-flop output. 
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The transfer function of a J-K flip-flop can be mapped in 
the Karnaugh map of Figure 3, where Q+ represents the 
next state of the flip-flop: 


(HOLD) 
(RESET) 
(TOGGLE) 
(SET) 
10290-007A 





Figure 3. J-K Flip-Flop Transfer Function 


Dropping the (+) for simplicity, the equivalent Boolean 
expression for Q+ is: 


Q=K*Q+J°Q 


In general, J and K can be sum-of-product expressions 
which are provided in the PAL architecture only in ac- 
tive-high form. Thus, a direct implementation of K ex- 
pressions must invoke a DeMorgan transformation, 
which can use excessive product terms. This can be 
avoided by rewriting the equation for Q without inversion 
on the J or K inputs. 


The XOR gate can be used to construct a logically 
equivalent expression without any inversions on the J or 
K inputs. The rewritten Boolean expression is: 


Q=Q:+: (J*Q + K*Q) 


To check that these expressions are logically equiva- 
lent, change the XOR to its equivalent sum-of-products 
form (remember A :+: B = A*B + A*B) and reduce (using 
DeMorgan’s theorem): 


Q = Q*(J*Q + K*Q) + O*(u"G + K*Q) 
Q=Q*((J + Q)*(K+Q)) + OQ + Q*K*Q 
Q = QO*(J*K + *Q + Q*K + Q*Q) +: UO 
Q=JK'Q+K*Q+ UO 


which simplifies to Q=K*Q+J*Q 
Since J and K are, in general, sums of products, J and K 
in either expression can be substituted with (J1 +J2 +... 
+ Jm) and (K1 + K2 +... + Kn-m), where n is the total 
number of product terms associated with a given output 
macrocell. Thus, the total n-product term resource is 
shared between the J and K control inputs (Figure 4). 
Note that all J terms will contain Q and all K terms will 
contain Q. 


P1 


Pn 





n= 8, 10, 12, 14, 16 
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Figure 4. J-K Flip-Flop Logic Equivalent; 
J and K Can Also Be Active-Low 


The above discussions have assumed that it was most 


convenient to “group ones” inthe Karnaugh map. Some- 
times it takes fewer product terms to “group zeros”, i.e., 
implement the inversion of the desired function. The 
equations shown in Table 1 are equivalent and can be 
interchanged to optimize product term utilization. This 
can be readily proved through logic reductions similar to 
that above. 





J = sumof products J1+J2+...+Jm 
K = sumof products K1 + K2+...+Kn-m 
n 


= total number of available product terms for a given 
macrocell (8 to 16) 


Table 1. J-K Flip-Flop Transfer Functions 


S-R Flip-Flop. The S-R flip-flop has a truth table identi- 
Cal to that of the J-K flip-flop, with the exception that the 
J=K =1 (toggle) condition is not allowed. The S-R flip- 
flop implementation is identical to that of the J-K flip-flop, 
with J-K replaced by S-R, and the S = R = 1 condition 
avoided. 
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T Flip-Flop. A T (toggle) flip-flop either holds its state or 
toggles, depending on the logic state of the T input. The 
T flip-flop is a subset of the J-K flip-flop and can be con- 
sidered equivalent to a J-K type with J = K. The general 
transfer function and its active-low T equivalent are both 
given in Table 2. 





Note: 
T = sumof products T1 + 7T2+T3+...+Tn 


Table 2. J-K Flip-Flop Transfer Functions 


Flip-flop Summary 


The PAL32VX10/A can synthesize J-K, S-R, T, and D 
flip-flops, whichever is most convenient for the applica- 
tion, without sacrificing product terms. Additionally, the 
synthesized equations can use the active-high or active- 
low forms of the inputs, allowing the designer to mini- 
mize product term requirements. 


Flip-flop Bypass 


Any output inthe PAL32VX10/A can be configured to be 
combinatorial by bypassing the output flip-flop. This is 
done by setting the output multiplexer to the appropriate 
state. The multiplexer is controlled by a product term 
which can be set unconditionally for a permanent combi- 
natorial (all fuses opened, product term high) or regis- 
tered (all fuses intact, product term low) output configu- 
ration, or can be programmed to bypass the output flip- 
flop “on the fly” allowing signals to be routed directly to 
output pins under user-specified conditions. 


Varied Product Term Distribution 


An increased number of product terms has been pro- 
vided in the PAL32VX10/A over previous generation 
PAL devices. These terms are distributed among the ten 
macrocells ina varied manner, ranging from eight to six- 
teen terms per output. The five output pairs have 8, 10, 
12, 14, or 16 product terms available for the OR gate 
within each macrocell. In addition, each macrocell has 
one XOR product term and two architecture control 
product terms. 


Programmable I/O 


Each macrocell has a three-state output buffer with pro- 
grammable three-state control. Control is implemented 
by a single product term, allowing specification of en- 
able/disable functions controlled by any device input or 
output. Each macrocell can be configured as a dedi- 
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cated input by disabling the buffer drive capability. 
When this is done, the associated register can still be 
used as an input register or buried state register, due to 
the independent register feedback path. 


Programmable Preset and Reset 


The ten macrocell flip-flops share common programma- 
ble preset and reset control for easy system initializa- 
tion. The Q outputs of the register will go to the logic 
LOW state following a LOW-to-HIGH transition on pin 1 
(lo/CLK) when the synchronous reset (SR) product term 
is asserted. The register will be forced to the logic HIGH 
state independent of the clock when the asynchronous 
preset (AP) product term is asserted. 


Programmable Polarity 


The polarity of each macrocell output can be set active 
high or active low. 


Combinatorial Outputs. The XOR gate provides polar- 
ity control for combinatorial outputs, with the single 
product term to the XOR gate controlling the invert/not 
invert function. With all fuses intact, there is no inversion 
through the XOR gate, creating an active-low output. 
Opening all fuses forces the product term high, inverting 
data and creating an active-high output. 


Registered Outputs. Output polarity for registered out- 
puts can be determined in two ways. For D-type regis- 
tered outputs, polarity can be set by the XOR gate, as is 
the case with combinatorial outputs. Using this method 
to set polarity, preset and reset will not be affected. 


Polarity, as observed from the output pin, can also be 
determined by the flip-flop output multiplexer. Note that 
this does not affect the polarity of the register feedback 
signal, but does affect preset and reset. By changing the 
flip-flop output multiplexer, the preset and reset func- 
tions are exchanged relative to the controlling product 
terms. 


With the multiplexer fuse intact, the Q output is routed to 
the output pin, configuring an active-low output. With the 
multiplexer fuse opened, Q is routed to the output pin 
and synchronous reset becomes synchronous preset. 
Similarly, asynchronous reset becomes asynchronous 
preset. 


Polarity options for J-K, S-R, and T flip-flops have been 
discussed in the section on programmable flip-flops. 


Power-up Preset 


All flip-flops power up to a logic HIGH for predictable 
system initialization. Outputs of the PAL32VX10/A will 
be HIGH or LOW depending on the state of the register 
output multiplexers. 
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Register Preload 


The register on the PAL32VX10/A can be preloaded to 
facilitate functional testing of complex state machine de- 
signs. This feature allows direct loading of arbitrary 
states, thereby making it unnecessary to cycle through 
long test vector sequences to reach a desired state. In 
addition, transitions from illegal states can be verified by 
loading in illegal states and observing proper recovery. 


Security Fuse 


After programming and verification, a PAL32VX10/A 
design can be secured by programming the security 
fuses. Once programmed, these fuses defeat readback 
of the internal fuse pattern by a device programmer, 
making proprietary designs very difficult to copy. The ar- 
ray will read as if every fuse is programmed. 
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Quality and Testability 


The PAL32VX10/A offers a very high level of built-in 
quality. Special on-chip test circuitry provides a means 
of verifying performance of all AC and DC parameters 
prior to programming. In addition, these built-in test 
paths verify complete functionality of each device to pro- 
vide the highest post-programming functional yields in 
the industry. 
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LOGIC DIAGRAM 
SKINNYDIP @ TY 
(PLCC) Pinouts 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground 0.5 Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —-15Vto+5.5V 


Operating ranges define those limits between which the func- 


DC Output or /O Pin Voltage 5.5V tionality of the device is guaranteed. 


Siresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter 
Symbol | Parameter Description Test Conditions 





VoH Output HIGH Voltage lon = -3.2 MA Vin= Vin or Vit 2.4 Tov 
= | __Vec = Min. 
Voi | Output LOW Voltage lo=16MA Vin=Vunor Vit 0.5 
| Vcc = Min. 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 
ee 










< 


< 


Voltage for all Inputs (Note 1) 
[vi [input Giamp Vorage [w= 18 mA, Voo=Mn | | 18 |) v 
[in [Input HIGH Curent | Vn= 24, Voo =Max. (Note) | | 25 | uA 
Viv= 0.4, Veo =Max.(Note2) | | -250| pA 
|| Maximum Input Current | Vin=5.5V, Vcc =Max. | S| 100 | A 


lozH Off-State Output Leakage Vout = 2.4 V, Vcc = Max. 100 pA 
Current HIGH Vin = Vinor Vit (Note 2) 
loz Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | WA 
Current LOW | Vin = Vin or Vic (Note 2) 
Output Short-Circuit Current | Vout = 0.5 V, Vcc = Max. (Note 3) 


loc | Supply Current Vin = 0 V, Outputs Open (lout = 0 mA) 180 | mA | 
| Voc = Max. 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 










2. 1/O pin leakage is the worst case of I, and lozz (or liq and lozn). 


3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Symbol Parameter Description Test Conditions Typ. 
Ta = +25°C 
f= 1 MHz 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 





















— 
ok, 








SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
Symbol Parameter Description 
Input or Feedback to Product Terms P1—Pn 
Combinatorial Output Product Term XOR 





| ae a | am 
n 


Setup Time from Input, Product Terms Pi—Pn, SR 
Feedback, or SP to Clock | Product Term XOR 

Hold Time 

Clock to Output 


nin 


[up | Asynonronous Preset to Registered Oupat 
[Synchronous Reset Recovery Time 


” 


MT RM WIN 
oe on oO; 


no 
on 
mia w}no 
on} on oO] 
nh 
n> {[pofp> | ro | w | ow | ow Go | oo 
TOL |a|o o/o]o Sito) 


~ 
n 


Input or Feedback to Registered Output from 
Combinatorial Configuration (Product Term MUX 1-> 0) | 





Input or Feedback to Combinatorial Output from 
Registered Configuration (Product Term MUX 0 1) | 


ts | 
tco 
[tsar 
tcr 
tro 
| tw | Clock 
width 
tER 


” 


med 


woh, 







Maximum 
Frequency 
(Note 3) 


fMAx 


External {Mts + tco) Product Terms P1;—P,y 
Feedback | Product Term XOR 
i ) 


No | 27.7 


Input to Output Enable Using Product Term Control | 


HEROS 4 Input to Output Disable Using Product Term Control —— 


Notes: 
2. See Switching Test Circuit for test conditions. 





E 
o1 


WI|[W Gia G) |G) 
oO; ©O oOo ; O11 


zilz | 
alal 2] le : 
NM TON 


Bi 
oO 





3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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SWITCHING WAVEFORMS 


input or 
Feedback VT 
tpp 
Combinatorial V 
Output u 
12015-010A 


Combinatorial Output 





Input or 
Feedback 





Clock 
Registered 
Output VT 
12015-012A 


Registered Output 


Input or 
Feedback 


Clock 





Registered 


Output VT 
10290-008A 
Synchronous Reset 
tWH 
Clock Vr 
tWe 
12015-011A 
Clock Width 





12015-013A 


Input to Output Disabie/Enable 


Input or 
Feedback 
Registered | CY 
Output LVVVE 
Clock Vr 
10290-007A 
Asynchronous Preset 
input or 
Feedback Vr 
trc/tcr 
Registered/ 
Combinatorial VT 
Output 
10290-009A 
Configuration Change 
input or 
Feedback 
Output 
Notes: 
1.Vr=1.5V 


2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2—5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


Must be 
Steady 


May 
Change 
from HtoL 


May 


Change 
from L to H 


Don't Care; 
Any Change 
Permitted 


Does Not 
Apply 


SWITCHING TEST CIRCUIT 


5V 


S1 


R; 


Output 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 


Line is High- 


Impedance 
“Off” State 





Test Point 


KS000010-PAL 





— wae 12350-019A 


Measured 
<a ae Value 
| tpp,tco tco | Closed | 1 Pp tbM | V 
ZH: Open 50 pF | | 
Z—L: Closed | 300 Q | 3902 


H + Z: Open ieee Vou - 0.5 V 
LZ: Closed LZ: Vo.r+0.5V 
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USE OF XOR PRODUCT TERM 


The speed of the PAL32VX10/A is specified according 
to the use of the Exclusive-OR (XOR) product term in 
the macrocell. Note that the macrocell data input is a 
function of the two-input XOR gate, whose inputs are the 
OR of the product terms P;—P,, and the single additional 
XOR product term (Figure 5). 


The specification for the path through the single XOR 
product term is 5 ns slower than through the P;—P»p prod- 
uctterms and the OR gate. As a result, if the single XOR 
product term is changing, the macrocell data input will 
not be available until 5 ns later than if only the P:—P, 
product terms were changing. 


This difference between paths affects tpp, ts and fax 
(feedback). As a result, these three parameters are 


Specification 


specified both for only the P1—P, product terms chang- 
ing (“Product terms P;—P,”) and with the single XOR 
product term changing (“Product term XOR”) (See ta- 
ble). 
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Figure 5. XOR Product Term 


Explanation 


Product Terms P;—Pp If only the P;—Pp product terms are changing (XOR term 
| is not changing) 


Product Term XOR lf XOR term is changing 


tpp, ts, furax (feedback) 





INPUT/OUTPUT EQUIVALENT SCHEMATICS 


Typical Input Typical Output 
Voc 0 Voc 
40 Q NOM 
> 9 Output 
Program/Verify 
Circuitry rear 
12350-020A to Program/Verify/ 
pj Test Circuitry 
ins 
Preload 
Circuitry 
\/ 
= 12350-021A 
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OUTPUT REGISTER PRELOAD 

The Preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure is as follows: 


1. Raise Vcc to 4.5 V. 


oN OO OO f 


2. Disable output registers by setting pin 2 to 
Vin (12 V). 


3. Apply the desired value (Vitp/Vinp) to all registered 
output pins. Leave combinatorial outputs floating. 


Parameter 
Symbol Parameter Description 


Super-level input voltage 
Low-level input voltage 
High-level input voltage 













. Pulse pin 10 to Vin, then back to 0 V. 


. Remove high voltage from pin 2. 





maa Va 


Pin 2 
Registered  \ f/f \f 
Outputs ff 


Pin 10 


Output Register Preload Waveform 





ViLP 


VIP 
VoH 


VoL 
VILP 


VHH 


ViLP 


/ oo | 05 | Vv 
| 5.0 | 55 | Vv 


. Remove Vitp/Vinp from all registered output pins. 


. Enable output registers per programmed pattern. 


. Verify Vor/Von at all registered output pins. 


Eee 
2. 
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POWER-UP PRESET 
The power-up preset feature ensures that all flip-flops tions are required to insure a valid power-up preset. 
will be preset to HIGH after the device has been pow- These conditions are: 
ered up. The output state will depend on the pro- ; 
grammed configuration. This feature is valuable in sim- 1. The Vcc rise must be monotonic. . 
2. Following preset, the clock input must not be driven 


plifying state machine initialization. A timing diagram : 
and parameter table are shown below. Due to the syn- from LOW to HIGH until all applicable input and feed- 
back setup times are met. 


chronous operation of the power-up preset and the wide 
range of ways Vcc can rise to its steady state, two condi- 


Parameter | 
Symbol Parameter Descriptions 















| tee | Power-Up Preset Time 1000 
| ts Input or Feedback Setup Time _ a 
Clock Width LOW See Switching Characteristics 





4V Vec 
Power 
tpp 
Registered 
Active-Low 
Output 
ts 
Clock 
{wt 10290-010A 


Power-Up Preset Waveform 
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- Preliminery a COM’L rt 
PALCE610H-15/25 Advanced 
EE CMOS High Performance Programmable Array Logic Devices 


DISTINCTIVE CHARACTERISTICS 


AMD’s Programmable Array Logic (PAL® ) 
architecture 


= Electrically-erasable CMOS technology 
providing half power (90 mA Icc) at high speed 
-15 = 15 Ns tpp 
-25 = 25 ns tpp 


m Sixteen macrocells with configurable I/O 
architecture 


m Registered or combinatorial operation 


= Registers programmabie as D, T, J-K, or S-R 


GENERAL DESCRIPTION 


The PALCE610 is a general purpose PAL device and is 
functionally and fuse map equivalent to the EP610. It 
can accommodate logic functions with up to 20 inputs 
and 16 outputs. There are 16 |/O macrocells that can be 
individually configured to the user’s specifications. The 
macrocells can be configured as either registered or 
combinatorial. The registers can be configured as D, T, 
J-K, or S-R flip-flops. 


The PALCE610 uses the familiar sum-of-products logic 
with programmable-AND and fixed-OR structure. Eight 
product terms are brought to each macrocell to provide 
logic implementations. 


BLOCK DIAGRAM 


| VO1w 1/045 O14 O13 
y, ¢ ¢ ¢ ) 


[n(n [en [an 


@ Asynchronous clocking via product term or 
bank register clocking from external pins 


@ Register preload for testability 
Power-up reset for initialization 


Space-saving 24-pin SKINNYDIP® and 28-pin 
PLCC packages 


= Fully tested for 100% programming yield and 
high reliability 


m Easy design with PALASM® software 


The PALCE610 is manufactured using advanced 
CMOS EE technology providing high density and low 
power consumption. Moreover, it is a high-speed de- 
vice having a worst-case tpp of 15 ns. Space-saving 
24-pin SKINNYDIP and 28-pin PLCC packages are of- 
fered. 


This device can be erased and reprogrammed at least 
100 times. Data retention is guaranteed for 20 years. 
Once a device is programmed the security bit can be 
used to provide protection from copying a proprietary 
design. 


1/042 O14 O10 Og CLK1 
¢ ‘ ¢ 4 G 


el a) eI es 


I lm f a Hp i a Hp Wp a ip i a ip i a ie iy 


bila ie AND Array 


x 160 


il He HS TS Fg OHO HO a0 


iva Na 


PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 


This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 


iva iva inva inva iva iva 
CLK2 /Og /O7 /O6 VO5 


¢ + ¢ ¢ 


/O4 /O3 Oe VO1 12950-001A 
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CONNECTION DIAGRAMS 
Top View 
SKINNYDIP PLCC 








Vcc 
| fo) < Oo oO _ 
G_33$8_g 
1/07; 
/O2 / ; 
03 VOr0 VO2 
/O4 044 /O3 
VOs VOw2 [ Ox 
/Og We 
Or 1/043 } VOs 
Og O14 /O6 
| O15 VO7 
4 15 16 17 
© ~ Q97 AN 7 PB 
5 = 2 Q 
Q Oo 6 G = 
12950-002A 12950-003A 
Noite: 
Pin 1 is marked for orientation 
PIN DESIGNATIONS 
CLK Clock 
GND Ground 
| Input 
1/0 Input/Output 
NC No Connect 
Vcc Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 


(Valid Combination) is formed by a combination of: 


PAL CE 610 H 


a. FAMILY TYPE 
PAL = Programmable Array Logic 


b. TECHNOLOGY 
CE = CMOS Electrically Erasable 


c. DEVICE NUMBER 
610 = 600 Gates 


d. POWER 
H = Half Power (90 mA Icc) 


e. SPEED 


-15 = 15 ns tpp 
-25 = 25 ns tpp 


Valid Combinations 


PALCE610H-15 
PALCE610H-25 


PC, JC 












a. Family Type 

. Technology 

Device Number 
Power 

Speed 

Package Type 

. Operating Conditions 


ameoog 


15 PC 





g. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 


f. PACKAGE TYPE 
P = 24-Pin 300-mil Plastic 
SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded 
Chip Carrier (PL 028) 





Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD’s standard military 
grade products. 


Note: Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 


The PALCE610 is a general purpose programmable 
logic device. It has 16 independently-configurable ma- 
crocells. Each macrocell can be configured as either 
combinatorial or registered. The registers can be D, T, 
J—K, or S-R type flip-flops. The device has 4 dedicated 
input pins and 2 clock pins. Each clock pin controls 8 of 
the 16 macrocells. 


The programming matrix implements a programmable 
AND logic array which drives a fixed OR logic array. 
Buffers for device inputs have complementary outputs 
to provide user-programmable input polarity. Unused in- 
put pins should be tied to Vcc or ground. 


The array uses AMD’s electrically erasable technology. 
An unprogrammed bit is disconnected and a pro- 
grammed bit is connected. Product terms with all bits 
unprogrammed assume the logical-HIGH state and 
product terms with both the TRUE and Complement bits 
programmed assume the logical-LOW state. 


The programmable functions in the PALCE610 are 
automatically configured from the user’s design specifi- 
cations, which can be in a number of formats. The de- 
sign specification is processed by development soft- 
ware to verify the design and create a programming file. 
This file, once downloaded to the programmer, config- 
ures the design according to the user’s desired function. 


Macrocell Configurations 


The PALCE610 macrocell can be configured as either 
combinatorial or registered I/O. Both the combinatorial 
and registered configurations have output polarity con- 
trol. The register can be configured as a D, T, J—K, or 
S-R type flip-flop. Figure 1 shows the possible configu- 
rations. 


Each macrocell can select as its clock either the corre- 
sponding clock pin or the CLK/OE product term. If the 
Clock pin is selected, the output enable is controlled by 
the CLK/OE product term. If the CLK/OE product termis 
selected, the output is always enabled. 


Combinatorial I/O 


All 8 product terms are available to the OR gate. The 
output-enable function is performed by the CLK/OE 
product term. 


Registered Configurations 
There are 4 flip-flop types available: D, T, JI-K and S-R. 


The registers can be configured as synchronous or 
asynchronous. In the synchronous configuration, the 
Clock is controlled by the clock input pin. The output en- 
able is controlled by the product term function. In the 
asynchronous configuration, the clock input is con- 
trolled by the product term. The output is always en- 
abled. 
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D Flip-Flop 

All 8 product terms are available to the OR gate. The D 
input polarity is controlled by an exclusive-OR gate. For 
the D flip-flop, the output level is the D-input level at the 
rising edge of the clock. 


| 0 0 0 
0 1 #0 
1 Oo 1 
1 1 1 | 





T Flip-Flop 


All 8 inputs are available to the OR gate. The T-input po- 
larity is controlled by an exclusive-OR gate. For the T 
register, the output level toggles when the T input is 
HIGH and remains the same when the T input is LOW. 


0 


0 0 
0 1 1 
1 0 1 
1 1 0 





J—K Flip-Flop 

The 8 product terms are divided between the J and K in- 
puts. N product terms go to the J input and 8-N product 
terms go to the K input, where N can range from 0 to 8. 
Both the J and K inputs to the flip-flop have polarity con- 
trol via exclusive-OR gates. The J-K flip-flop rules are 
shown below. 
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Figure 1. Macrocell Configurations 
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S—R Flip-Flop 

The 8 product terms are divided between the S and R 
inputs. N product terms go to the S input and 8-N prod- 
uct terms go to the R input, where N can range from 0 to 
8. Both the S and R inputs to the flip-flop have polarity 
control via exclusive-OR gates. The S-R flip-flop rules 
are shown below. 


, 
Not Allowed 





Asynchronous Reset 


All flip-flops have an asynchronous-reset product-term 
input. When the product term is true, the flip-flop will re- 
set to a logic LOW, regardless of the clock and data in- 
puts. 


Power-Up Reset 

All flip-flops power up to a logic LOW for predictable sys- 
tem initialization. Outputs of the PALCE610 depend on 
whether they are selected as registered or combinato- 
rial. If registered is selected, the output will be LOW. If 
combinatorial is selected, the output will be a function of 
the logic. The Vcc rise must be monotonic and the reset 
delay time is 1000 ns maximum. 


Register Preload 


The register on the PALCE610 can be preloaded from 
the output pins to facilitate functional testing of complex 
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state machine designs. This feature allows direct load- 
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 


Security Bit 

After programming and verification, a PALCE610 de- 
sign can be secured by programming the security bit. 
Once programmed, this bit defeats readback of the in- 
ternal programmed pattern by a device programmer, se- 
curing proprietary designs from competitors. When the 
security bit is programmed, preload is disabled and the 
array is unreadable. 


Technology 


The PALCE610 is manufactured using AMD’s ad- 
vanced Electrically Erasable CMOS process. This tech- 
nology uses an E? cell to replace the fuse link in bipolar 
parts, and allows AMD to offer lower-power parts of high 
complexity. In addition, since the E2 cells can be erased 
and reprogrammed, these devices can be 100% factory 
tested before being shipped to the customer. 


Programming and Erasing 


The PALCE610 can be programmed on standard logic 
programmers. Approved programmers are listed in the 
Programmer Reference Guide. 


The PALCE610 may be erased to reset a previously 
configured device back to its virgin state. Bulk erase is 
automatically performed by the programming hardware. 
No special erase operation is required. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 
Ambient Temperature Ambient Temperature (Ta) 
with Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 
Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —0.5 V to Vcc + 0.5 V _ 
; Operating ranges define those limits between which the func- 
DC Output or I/O Pin Voltage -0.5 Vto Vcc +0.5V tionality of the device is guaranteed. 
Static Discharge Voltage 2001 V 
Latchup Current 
(Ta = 0°C to +75°C) 100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified | 








Parameter 
Symbol Parameter Description Test Conditions 


Vou Output HIGH Voltage Vin= VinorVit | lon =—4.0 mA ert ae Se 
Voc = Min. lon = -2.0MA rea] [Vl 


Output LOW Voltage lo =8.0MA Vin = Vin or Vit 1 o5 | Vv 
Vec = Min. | 
Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 V 
| | Voltage for all Inputs (Note 1) | 
Vit Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 
Input HIGH Leakage Vin = 5.25 V, Vcc = Max. (Note 2) 10 
Current 
Input LOW Leakage Vin = 0 V, Vcc = Max. (Note 2) —10 
Current 
lozH Off-State Output Leakage} Vout = 5.25 V, Vec= Max. 10 
Current HIGH Vin = Vin or Vit (Note 2) 
loz. Off-State Output Leakage} Vout =0V, Vcc= Max. 1 0 | uA 
Current LOW Vin = Vin or Vit (Note 2) 
| Output Short-Circuit Vout = 0.5 V, Voc = Max. rn i 3) ~30 | -150| mA 
Current | = 
loc Supply Current Vin= OV, lisionieticiaka en Open (lout = 0 mA) 
| | Voc = Max. mA 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and tester noise are included. 





















2. I/O pin leakage is the worst case of I, and Jozt (or IH and lozp). 


3. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 

Symbol Parameter Description Test Conditions 
Input Capacitance Vin = 2.0 V 
Output Capacitance Vout = 2.0 V 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Typ. 





ale 
ma 





SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
Symbol | Parameter Description 


[tro | Input or Feedback to Combinatorial Output 
tH 
tco 
tcr 
| 
tWH 









naan 
[ts | Setup Time trom input or Feedbackto Cock | 12 
Se 2 
[co | Cockto up’ ——SSSC—~—~—S—S—Ss 
[ter | Clock to Feedback Notes) SC*dSCSC 
[wT coe [LOW SSSCSCS~—S 
we | wan AIGA sS—S 8 


Frequency Internal Feedback | 1/(ts +tcr) | 50 | 
(Note 4) No Feedback W(twH+tw.) | 62.5 | 


|__ten__| Input to Output Disable Using Product TermControl| | 15 | | 25 | ns 


Setup Time from Input or Feedback to Clock | | | | 
__| (Note 5) | 
a 


[a _[ Hots time woes) ——SSCSC~C~dCi 

OS 
[crx | Gioko Feedback Wotes Sands) | | 6 | | 2 | ns 
ae agg Lae a ee a 
wan [HGH ores) ST | OT 


Maximum | External Feedback | isa stood) | 45 || 286 |_| WH 
Frequency [intemal Feedback | 1Wtsa +tora) | 48 |_| 29 |_| MHz 
ae i 


(Notes 4 No Feedback 1/(twia + twa) ae 
Notes: 


and 5) 
2. See Switching Test Circuit for test conditions. 





Maximum 







































fMAXA 









3. Calculated from measured fmax internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


5. These parameters are measured using the asynchronous product-term clock. 
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SWITCHING WAVEFORMS 


Input or 
Feedback VT 
tpp 
Combinatorial 
Output sd 
12015-010A 
Combinatorial Output 
ts + tcrF 
Clock VT 
12149-025A 
Clock to Feedback (fmax Internal) 
See Path at Right 
tWH 
Clock VT VT 
tWL 
12015-011A 
Clock Width 
Notes: 
1.Vr=1.5V 


2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2—5 ns typical. 
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Input or 
ts | tH 
VT 
Clock ico 
Registered 
Output VT 
12015-012A 
Registered Output 
CLK 
pS or er re oe a 1 
| | 
| | 
| 4 REGISTER | | 
| | | 
| | 
| | | 
| | 
Ln ceneeze cemece ceumete renee cemeuD tenLAD GEASS GLEE GUNES GEE SOMED GOD WRENS Cina Gum GED SEE wm ao | 
12015-021A 


Input 


Output 





12015-013A 


Input to Output Disable/Enable 
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SWITCHING WAVEFORMS (Continued) 






tsA+ tCFA 


Product-Term 
Clock 


12950-008A 


Clock to Feedback Using 
Product-Term Clock 






Product-Term 
Clock 


12950-009A 


Ciock Width Using 
Product-Term Clock 


Notes: 


1. Vr = 1.5 V 
2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2—5 ns typical. 
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Input or 
Feedback 





Product-Term 
Clock 
Registered 
Output VT 
12950-010A 


Registered Output Using 
Product-Term Clock 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 





SWITCHING TEST CIRCUIT 


Output 





Specification 
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INPUTS 


Must be 
Steady 


May 
Change 
from HtoL 


May 
Change 
from L to H 


Don't Care; 
Any Change 
Permitted 


Does Not 


- Apply 


5V 


Ri 


Re 
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OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
“Off” State 





Test Point 


Measured 
Ci Output Value — 
tEA | Z—-H: Open 35 pF 340 O 1.5V 
Z— tL: Closed 
H — Z: Open 5 pF 855 O 340 Q H —Z: VoH-0.5V 
L — Z : Closed L—Z:Vo.+0.5V 


ENDURANCE 


| Symbol | Parameter Description Test Conditions | Min. {Unit | 
= Pattern Data Retention Time Max. Storage Temperature | 40d Years 









; 10 
Max. Operating Temperature 20 


Reprogramming Cycles _ Normal Programming Conditions 


INPUT/OUTPUT EQUIVALENT SCHEMATICS 
| 


Input 


ESD _Program/Verify 
Protection Circuitry 





Preload Feedback 
= Circuitry Input 


Output 
12950-011A 
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OUTPUT REGISTER PRELOAD 

The preload function allows the registers to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. PLCC pin 
numbers are indicated in parentheses. 


1. Set pin 23 (27) to Vun. 
2. Set pin 2 (3) to Vip. 


. Clock pins 1 and 13 (2 and 16). 

. Remove Vitp/Vinp from all registered outputs. 
. Lower pin 23 (27) to Vii/Vin. 

. Verify VoL/Von at all registered output pins. 


. Toggle pin 2 (3). 


oO On oOo 


. Enable per programmed pattern. 


3. Apply the desired value (Vitp/Vinp) to all registered 
output pins. Connect combinatorial output pins to 
ground. 








Parameter 
— Parameter Description 


Super-Level Input Voltage 
High-Level Input Voltage 
Power Supply During Preload 









C85 
sa 
























, 9.0 | 
a 
| 5.0 
75 [ 50 
ae 
ees 
ee 
| 1000_| 
bed 


| _tret | _ Pin 2 (3) Delay Time 
| tprto | Preload Input Data Delay __ 
| tpsu —s«|_~——- Preload Data Setup Time 
| tee =| Preload Clock Width 1000 
| tp «| -- Preload Data Hold Time 








VHH 
Pin 23 
(27) 
Vit 
nae VIHP 
in 
(3) VitP 


VIHP 
Registered OH 


Output VoL 
raphe fe ViLP 
"| EEE Sea ee ERE Ce RUN Vid 


Vit 





Pin 1, 13 
(2, 16) 
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Output Register Preload Waveform 
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Power-Up Reset 


The power-up reset feature ensures that all flip-flops will its steady state, two conditions are required to insure a 
be reset to LOW after the device has been powered up. valid power-up reset. These conditions are: 

This feature is valuable in simplifying state machine in- 
itialization. A timing diagram and parameter table are 
shown below. Due to the synchronous operation of the 2. Following reset, the clock input must not be driven 
power-up reset and wide range of ways Vcc can rise to fromLOWto HIGH until all applicable input and feed- 


back setup times are met. 
Parameter 
Symbol 
ower-up Reset Time 


Px | unt | 


1. The Vcc rise must be monotonic. 













Parameter Description 


SC RCE EN Ye A 









AV Vee 
Power 
ter 
Registered 
Output 
ts 
Clock 
tWe 
12950-007A 


Power-Up Reset Waveform 
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Sequencer Data Sheets 








Programmable Logic Sequencers 


105 PES 094 sie csc teas eae wee whey ne a eae ae ie ete ee 3-3 
PUSCEIOSMES? sy crc ga dS wa dca ahaa ded ohaw ed baS aNd AOE PONS ede Na een 3-3 

167 PLSI6(238 Sete oancs cones ee aad ane. eoaue lee oo Ne bees fa tee tee 3-21 
PLSOGEIG7H Oe Ba ueaias eh Dad oth aus Wa WEN eee terete een hae tela peek 3-21 

168 PES166- 3S. 26 Os eid we ea a he ae Ra On ena ne ae nara a eee 3-21 
PEO CE1 Gels. coon ain oad ea eee ae our ak ba eee Oe a Oe Sa areas 3-21 

30816 PESSOS 16-40) oe isco oe ati wth ah as Ra a a ie a Ae Sa ee eeS 3-40 

Field-Programmable Controllers 

151 AM2SCPETS IA 25/38 ie tncd ssa wh cas Ride Aas wee ee Mie oe heed aes anda ee RARE 3-63 

154 AM2ZSCPLIS4R- 25/30 6 35 i nea ian sauder ange ee eee eee its oe atte and 3-98 

Programmable Event Generator 

2971 AIM297 ALCONGENSOO)- 6h5 ce eee hou thaw setae eee tie ttede aes eee Ses 3-133 
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| COM'L 


PLS105-40, PLSCE105H-37 


28-Pin TTL/CMOS Programmable Logic Sequencer 


DISTINCTIVE CHARACTERISTICS 
# Field-programmable replacement for 
sequential control logic 


@ Advanced Mealy state machine/sequencer 
architecture 


™ Programmabie AND/programmable OR array 
for flexibility 


Full drive: 24 mA lot, three-state outputs 


Dedicated hardware features to enhance 

testability 

~ Diagnostic Mode access to buried state register 

— Register Preload and Power-up Preset of all 
flip-flops 


GENERAL DESCRIPTION 


The PLS105 is a fieid-programmable replacement for 
sequential logic. The device functions as a Mealy state 
machine with a registered output. The PLS105 utilizes 
the familiar AND/OR PLA logic structure to implement 
sum-of-product equations. Both arrays are user-pro- 
grammable to implement transition terms causing 
changes in the internal state register or output register. 
The PLS105-40 device is fabricated in Advanced Micro 
Devices’ advanced oxide-isolated bipolar process. The 


BLOCK DIAGRAM 





CLK LU->— 





PALASM and SKINNYDIP are registered trademarks of Advanced Micro Devices. 
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices 


: Programmable AND Array 
| (45 X 48) 


cr 


Advanced 
Micro 
Devices 


@ User-programmable pin for asynchronous 
flip-flop Preset/Output Enable 


@ Automatic “Hold” state via S-R flip-flops 
Security bit hides proprietary designs from 
competitors 

® Supported by PALASM®software and 
standard PLD programmers 

& Available in 28-pin plastic SKINNYDIP® and 
PLCC packages 


@ Fabricated with high-performance bipolar and 
electrically erasable CMOS technology 


PLSCE105H-37 device is fabricated in a high-speed, 
EE CMOS process; it offers significant power improve- 
ment (Icc of 100 mA) over competing parts. 


The PLS105 device is fully supported by industry-stan- 
dard CAD tools, including the PALASM design software 
package. Device programming is accomplished by us- 
ing standard PLD programmers. 


10250-001A 


| Publication # 10250 Rev. D Amendment /0 
issue Date: January 1990 
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CONNECTION DIAGRAMS 
SKINNYDIP 





lo 
ot las 
li2 
lig 
14 


lis 





P/OE GE 
Qo P/OE 
Q1 mea 
Qe S 
O 10250-003A 
Q3 
10250-002A 
Note: Pin 1 is marked for orientation 

PIN DESIGNATIONS 

CLK Output/state register clock 

GND Ground 

lo-lis Inputs to AND array 

P/OE Programmable asynchronous function pin; 


default is active-high Preset (all registers 
go HIGH), programmed is active-low 


Output Enable 
Qo-Q7 Output register outputs 
Vcc Supply Voltage 


cp ENA SS SE EA EEE STS SSIS SE ES SE SSS AES BESS LRP TESS SESS TIE GS EE AE EP SPE DC TEEPE SDE SI EOE TERE SETAE TES 
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ORDERING INFORMATION 
Commercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 


Family Type 

. Technology 

Device Number 
Power 

Speed 

Package Type 

. Operating Conditions 
. Optional Processing 


sa-eaoop 


PLS CE 105 H -37 R C 






















Mes h. OPTIONAL PROCESSING 
Blank = Standard Processing 


a. FAMILY TYPE 
PLS = Programmable Logic Sequencer 


b. TECHNOLOGY 
CE = CMOS Electrically Erasable 
Blank = Bipolar 


c. DEVICE NUMBER 
105 = 16x 48x8PLS 


g. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 





d. POWER 
H Half Power (100 mA Icc) 
Blank = Full Power (200 mA Icc) 


e. SPEED 
-40 = 40 MHz fmax 
-37 = 37 MHz fmax 


f. PACKAGE TYPE 
R = 28-Pin 300-mil Plastic SKINNYDIP (PD3028) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 
P = 28-Pin 600-mil Plastic DIP (PD 028) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD’s standard military 
grade products. 





Valid Combinations 
PLSCE105H-37 
RC, JC, PC 
PLS105-40 






Note: Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 
State Machine Implementation 


State machines contain conditional input logic, state 
memory and output generation logic. The PLS105 de- 
vice is built around a programmable AND/OR logic array 
which serves as both conditional input and output gen- 
eration logic. Forty-eight product or transition terms are 
found in the AND array. The AND array is driven from 
several sources: there are sixteen external inputs, six in- 
ternal feedback signals from the buried state registers, 
and the complement term. 


The OR array drives the output registers, buried state 
registers, and the complement array term. The PLS105 
device offers eight output registers and six buried state 
registers. 


Architectural Details 


Trisios at ie [i | 6 


State and Output Registers 


The state and output registers are both implemented 
with edge-triggered S-R type flip-flops. If neither input is 
active, the flip-flop will retain its contents when clocked. 
This free “hold” state saves product terms. The registers 
may change only on the LOW-to-HIGH transition of the 
clock pulse. There are eight output registers and six bur- 
ied state registers on the device. 


Logic Implementation 


All transition terms can include True, False, or Don't 
Care states of the controlling variables. The OR array 
merges one or more product terms to generate the de- 
sired user logic functions for the output and next-state 
registers. This sharing of OR-terms minimizes the over- 
all logic required to implement complicated control func- 
tions. 


Complement Array Term 


An internal variable (C) known as the complement array 
term directly implements the “else“ logic clause at any 
state. This often reduces the number of product terms 
required for a conditional “else” transition . The comple- 
ment array can also be used for illegal state recovery 
and designing modulo counters. 


Initialization 


Starting the state machine in a known state is facilitated 
by power-up preset circuitry which unconditionally loads 
a “1” into each flip-flop during power-up or by using the 
asynchronous Preset function. Synchronous transitions 
to the initial state can be made by having an input be an 
OR termonallthe state register S inputs, and ANDing its 
complement with all of the R logic terms. Whenever this 
input is active the machine will synchronously change to 
the state with all outputs high. 






Output Enable 


The Preset input can be converted to a three-state Out- 
put Enable function by an architecture bit. Expansion to 
larger control functions can be accommodated by con- 
necting several PLS devices to a control bus and selec- 
tively enabling them to each handle a segment of the 
control algorithm. This user-programmable option is 
specified as an auxiliary equation in the design file or op- 
tionally by use of a keyword. 


Typical Operation 


The details of device operation may be illustrated by the 
simple state transition indicated. The state register in- 
itially contains 010 and will become 001 after the next 
Clock. For this to occur, state bit 0 must be set, state bit 1 
must be reset and state bit 2 must hold its value. The 
transition term fragments listed produce this result. The 
So and Ri product terms detect the bit pattern for the 
current state (010) and produce a logic one. All other 
terms evaluate to a zero, producing the transition to 
state 001. 


LOGIC FUNCTION 
s2 s1 sO 
PRESENT, 
fof 1 | o| STATE NEXT 
STATE 
fofolt, 
STATE REGISTER So = $2"s1*S0+... 
SET sO Ro =Q 
RESET $1 
HOLD s2 Sie 
Ri = s2*s1"s0+... 
S2=0 
R2=0 12905-004A 


Typical State Transition 





Security Bit 


Asecurity bit is provided on the PLS105 as a deterrent to 
unauthorized copying of the array configuration pat- 
terns. Once programmed, this bit defeats readback of 
the programmed pattern by a device programmer, 
securing proprietary designs from competitors. 


On the PLSCE105, programming and verification are 
also defeated by the security bit. The bit can only be 
erased in conjunction with the array during an erase cy- 
cle. The security bit also prevents preload and obs- 
ervability. 


Programming and Erasing 

The PLS105 can be programmed on standard logic pro- 
grammers. Approved programmers are listed in the Pro- 
grammer Reference Guide. 


The PLSCE105 may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 
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Notes: 


1. 


GND 


Ail disconnected AND gate inputs float to a logic “1”. 
2. All disconnected OR gate inputs float to a logic “0”. 


10250-004A 


PLS105 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) 
Power Applied 55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Respect Su 
pply Voltage (Vcc) with 
to Ground ae eee Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -0.5 Vto+5.5V 
DC Input Current ~30 mA to +5 mA Operating Ranges define those limits between which the func- 


tionality of the device is guaranteed. 
DC Output or I/O Pin 
Voliage —0.5 to Voc Max. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter | 
Symbol Parameter Description Test Conditions 
| Vou Output HIGH Voltage | lod =-3.2 MA Vin = Vinor Vit 
| Voc = Min. | 
| Output LOW Voltage loo =24mA  Vin=Vinnor Vit 0.5 V 
| Voc = Min. 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH _ 2.0 
Voltage for all inputs (Note 1) 
Vit Input LOW Voltage Guaranteed Input Logical LOW | 
| | Voltage for all Inputs (Note 1) 
IL 
Cc 
Cc 










VoL 







( = 
V | Input Clamp Voltage lin = -18 MA, Vcc = Min. rw 
| | Input HIGH Current Vin = 2.4 V, Vcc = Max. (Note 2) ie 
Input LOW Current Vin = 0.4 V, Voc = Max. (Note 2) ae 
tlie, a Maximum Input Current Vin = 5.5 V, Voc = Max. ai 
| lozH Off-State Output Leakage Vout = 2.7 V, Voc = Max., 
Current HIGH Vin = Vit or Vin (Note 2) 

| lozt Off-State Output Leakage | Vout = 0.4 V, Voc = Max. 
Current LOW Vin= Vit or Vin (Note 2) 

Is Output Short-Circuit Vout = 0.5 V, Vcc = Max. (Note 3) | 
Current | 

Ic Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) 

| Vcc = Max. 


Notes: 
1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 
2. WO pin leakage is the worst case of In, and loz (or liq and lozn). 


3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions 
Input Capacitance CLK, OE | Vy=2.0V 
[Others 
Output Capacitance Vout = 2.0 V 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 











Typ. 






SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


"Syme! | rarmetereserpton 
| Symbol | Parameter Description 
[ts | Setup Tine rom input or Feecbackio Glock | Wihout Complement Array | 18 | | ns 
[ee __| Setup Tne tom put or Feedback eck [win Complement Aray | 30 |__| 16 
pu [iting Cd 
tco Clock to Output | {to | ons 
Clock to Feedback (Note 3) | | 3 | ons | 
| Asynchronous Preset to Output | | | | 15 | ons | 


Asynchronous Preset Width 10} | ns | 
taPR Asynchronous Preset Recovery Time | 3 | | ns | 
3 rowS™C~™—OCCOCCCS C8 | is 

| Clock Width : 

HIGH pe] ins 
External Feedback | Without ! 1/(ts + tco) | 40 | | MHz 
Complement 
ee Internal Feedback | Array | ts +tor) [55.5 | | MHz | 

requency epee 
(Note 4) External Feedback | With 1/(tsc + tco) } 25 | | MHz 

Complement : 

Internal Feedback | Array 1/(tsc+ tcr) | 30 | | MHz | 
OE to Output Enable | | 15 | ons | 


OE to Output Disable 






















tcr 

































F 










fax 







fMaxc 











tpzx 








tpxz 





Notes: 
2. See Switching Test Circuit for test conditions. 
3. Calculated from measured fax internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 
Ambient Temperatur e with Ambient Temperature (Ta) 
Power Applied -55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Respect Su , 
pply Voltage (Vcc) with 
loGround Bae Le Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage ~0.5Vto+7.0V 
DC Output or /O Pin Operating Ranges define those limits between which the func- 
Voltage 0.5 Vto +7.0 V tionality of the device is guaranteed. 
Static Discharge Voltage 2001 V 
Latchup Current 
(Ta = 0°C to +75°C) 100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter | | | | 
| Symbol Parameter Description Test Conditions 
Vou | Output HIGH Voltage loo = -3.2 MA Vin= Vinor Vit 2.4 | | V 
| _ 3 Vec = Min. 3 
Voi | Output LOW Voltage lo =24mMA Vin=Vunor Vit 0.5 V 
Voc = Min. 
Viq Input HIGH Voltage _ Guaranteed Input Logical HIGH 2.0 | [ov 
Voltage for all Inputs (Note 1) i 


Vit Input LOW Voltage Guaranteed Input Logical LOW | 08 V 
| Voltage for all Inputs (Note 1) ie | 


i Input HIGH Leakage Current] Vin = 5.25 V, Vcc = Max. (Note 2) 


lie Input LOW Leakage Current | Vin = 0 V, Vcc = Max. (Note 2) | 
lozH Off-State Output Leakage Vout = 5.25 V, Vcc = Max., 
; Current HIGH Vin = Vit or Vin (Note 2) 


loz. Off-State Output Leakage Vout = 0 V, Vcc = Max. | 
Current LOW “1 Vin= Vit or Vin (Note 2) 
= 0.5 V, Voc = Max. -30 | -130 
































Isc Output Short-Circuit Vout = 0.5 V, Voc = Max. (Note 3) | 
Current ae | | an 
lec | Supply Current Vin = 0 V, Outputs Open (lout = 0 mA)! 100 mA | 
Vcc = Max. | | 


Notes: 
1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 





2. VO pin leakage is the worst case of lit and lozt (or liq and lozx). 


3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 





3-10 PLSCE105H-37 (Com’l) 





CAPACITANCE (Note 1) | 


Parameter 
Symbol Parameter Description Test Conditions Typ. 
Cin Input Capacitance Vin= 2.0 V Voc = 5.0 V, 
Ta = 25°C, 
Output Capacitance Vout = 2.0 V 
Note: 


f= 1 MHz 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 











SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


| Parameter 
Symbol | Parameter Description 


tco Clock to Output 
tcr Clock to Feedback (Note 3) 


Asynchronous Preset to Output 


Asynchronous Preset Width | P10 | | ns 


[Asynchronous Preset Recovery Time || 
ptt wm EEO 
pt Se Oe 
hal [exemalFeewacc| Witout | wtevtco | a7 | [wre 
Complement 
Maximum Internal Feedback | Array | tts +tor) «| 50 | | MHz 
rewerey a eee 

aa | atsceter) | 80_| | Miz 
OE to Output Enable 
OE to Output Disable 


Notes: 
2. See Switching Test Circuit for test conditions. 
3. Calculated from measured fax internal. 





4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 








Input or Input or 
Feedback Feedback (with 
(without Complement 
Complement Array) 
Array) ts | tH 
Clock vr Clock = 
~ fet tco 
Output Vr Output Vr 
12905-006A 12905-007A 
Registered Output (without Complement Array) Registered Output (with Complement Array) 
CLK 
We ef aan cae ed py ee ee ee ee “l 
ts + tcr | , aaa | 
: | 
Clock Vt | REGISTER | 
| | | 
| | I 
12149-025B ! 
Clock to Feedback (fax Internal) aaa aaa a 
See Path at Right 12015-021A 


tWH 
Clock Vr Preset 
tWe 


vAVAVAY, 
Clock Width ere et = XN) Wr 


Clock 





OE 
12905-009A 
Asynchronous Preset 
Output 

_ 12905-008A 
OE to Output Disable/Enable 

Notes: 

1.Vr=1.5V 


2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2—5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 
Change Changing 
from L to H from L to H 


Don’t Care; Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 

Apply Line is High- 
Impedance 
“Off” State 





SWITCHING TEST CIRCUIT 
5V 
"i 
Ry 
Output Test Point 
Re T CL 


12350-019A 











50 pF 


CL 
tpzx Z — H: Open | 200 Q 390 Q 1.5V 
__Z-+L: Closed | = 
tpxz H + Z: Open 5 pF H + Z: Von -0.5 V | 
L —Z: Closed | L—Z: Vor +0.5 V 
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ENDURANCE CHARACTERISTICS 


The PLSCE105 is manufactured using AMD’s ad- 
vanced electrically erasable process. This technology 
uses an EE Cell to replace the fuse link used in bipolar 


Endurance Characteristics 











Min. Pattern Data Retention Time 


Min. Reprogramming Cycles 100 Cycles Normal Programming 
| Conditions | 


parts. As a result, the device can be erased and 
reprogrammed — a feature which allows 100% testing at 
the factory. 


Test Conditions 


Max. Storage 
Temperature (150°C) 











Max. Operating 
Temperature 
(Military; 125°C) 





INPUT/OUTPUT EQUIVALENT SCHEMATICS 


















CMOS 
Typical Input Typical Output 
Vcc Vcc 
Preload Observability 
Circuitry Circuitry 
Program/Verify a 
Circuitry u “F 10205-006A 
10205-012A 
BIPOLAR 
Typical Input Typical Output 
Voc Voc 
40 2 NOM 
Output 
= ae. ee Preload/ 
erify/ Observability 
oe Test Circuitry 
10205-010A Circuitry 
= 10205-011A 
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OUTPUT REGISTER PRELOAD 


(Bipolar Only) 

The preload function allows the register to be loaded 5. Pulse pin 25 or pin 9 from Vite to Voy and back to 
from the output pins. This feature aids functional testing Vitp. Pin 25 will preload output registers while pin 9 
of sequential designs by allowing direct setting of output will preload buried state registers. 


states. The procedure for preloading follows. 
1. Raise Vcc to 5.0 V+0.5 V. 


6. Remove Vitp/Vinp from output pins. 


7. Enable output pins by lowering P/OE pin to Vip. 
2. Raise pin 23 to Vn. 
_—_ 8. Lower pin 23 to Vip. 
3. Disable output pins by raising P/OE to Vinp. 


4. Apply Vinp/Vicp as desired to all output pins. 


Parameter 
Symbol Parameter Description 


[Vi | “Superlevelinputvotage | sve [vas [Vv 
[Var | Low-levelinputvotage —=—=S~C~—SsS—CSC‘CS~S | dfs 
EZ 
SSS ST NA Fe BN IANA 5X 
mo 100 vs 
ee ae a oe OS 


Preload Data | Preloaded Register 
Qo-Q7 


| Do-Ds.X,X | So-Ss_ 



















Pin 23 





ViLP 


Saee e arena V 
P/OE / ——- ‘\ IHP 
ViLP 


VIHP 
VOH 
VoL 
ViLP 


Outputs 


VHH 


Pin 25 or 9 





ViLP 


10205-007A 


Output Register Preload Waveform 
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OUTPUT REGISTER PRELOAD 


(CMOS Only) 

The preload function allows the register to be loaded 5. Apply either Vinp or Vicp to all outputs. Use Vinp to 
from the output pins. This feature aids functional testing preload a LOW in the flip-flop; use Vi_p to preload a 
of sequential designs by allowing direct setting of output HIGH in the flop-flop. 


states. The procedure for preloading follows. 
1. Set OE to Vine to disable outputs. 
2. With Mode pins LOW raise Ig to Vun. 


. Pulse lis from Vitp to Vinp to Vitp. 
. Remove preload data from outputs. 
3. Use Mode pins to select Preload Output or 


Preload State. 
4. Raise CLK to Vinp. 10. Verify Vo./Vou at all outputs. To verify state 


registers, use the observability mode. 
arameter | 
Symbol | 


6 
7 
8. Lower lg to Vite. 
9 


. Lower OE to Vip to enable the outputs. 


Parameter Description | | | 


= — 
Super-level input voltage 5 | ne 
[Var | Low-levelinputvotage —=SSSSSSC~“—~*~é~sSCSCSdTSCiS CC 

#0") 





















High-level input voltage 7 | | 

LE HA 
avsdt | “Vier Rise Tine Siow Rate 0 
[aviet [Vn Fa Time Stew Rate 


Preload Data Preloaded Register | 
| Qo-Q7 





——— VIHP 
OE \ 






VILP 
ob ee me VHH 
ls Ker) to 
Mode | — aie ele 
Pins / Preload Output or Preload State 
aa is silat ViLP 


tp - 


CLK 


Qo — Q7 ie Preload Data 





lis 


10205-008A 
Output Register Preload Waveform 
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OBSERVABILITY 

(Bipolar Only) 

The observability function allows the state register to be 1. Apply Vin to pin 24. 

sent to the output pins. This feature aids functional test- . 

ing of sequential designs by allowing direct observation 2. Observe So-Ss on pins Qo-Qs. 
of the buried state register. The procedure for obser- 

vability follows. 


Parameter | Parameter Rec 
Symbol Description 
Super-level input voltage 12 





VHH 

Pin 24 
ViLP 
Outputs VoH 





VoL 


10205-009A 





Observability Waveforms 
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OBSERVABILITY 
(CMOS Only) 


The observability function allows the state register to be 2. With Mode pins LOW raise Ig to Vn. 
sent to the output pins. This feature aids functional test- 


ing of sequential designs by allowing direct observation 3. Use Mode pins to select Observability. 


of the buried state register. The procedure for obser- 4. Lower OE to Vip to enable the state data to the 
vability follows. outputs. 
1. Set OE to Vinp to disable outputs. 5. Lower le to Vitp. 





Mode Select Pins Output Data | 


Ledge lio | tay | lio | Qo—-Q7 | 
(ofo {oft | SrSsxXx | 





mer worms Vay 









ViLP 
Mod , , VIHP 

Ping } Observability 
: | ViLP 
at VIHP 

OE 
ViLP 
to 

| VOH 


VoL 
12905-012A 


Observability Waveforms 


STAN EE EST ET EN LE TTT TE ECC eT ET PE EST SL a TSI ET TI OSCR SSS SSS SSE SIDE PASTE SAE PSA TEE NS AAP AAT A A SP Ee CSPI 2 ETE EDIE PEACHES 
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POWER-UP PRESET 

The power-up preset feature ensures that all flip-flops 1. The Vcc rise must be monotonic. 
will be preset to HIGH after the device has been pow- 
ered up. This feature is valuable in simplifying state ma- 
Chine initialization. A timing diagram and parameter ta- 
ble are shown below. Due to the synchronous operation 
of the power-up preset and the wide range of ways Vcc 
can rise to its steady state, two conditions are required 
to ensure a valid power-up preset. These conditions are: 


PSymvot | Perameeroescnpion une 
Symbol Parameter Description 

ae Cn a ae 
[tm | ClockwiathtowSSCSCS~SC~SC haat 


2. Following preset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed- 
back setup times are met. 














AV Vcc 


Power 
tpp 


Output / /+ 
Clock \\y j 


tw. 12905-013A 


ts 


Power-Up Preset Waveform 
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COM’L 


PLS167-33, PLSCE167H-33 
PLS168-33, PLSCE168H-33 


Final 


24-Pin TTL/CMOS Programmable Logic Sequencers 


DISTINCTIVE CHARACTERISTICS 
@ Field-programmable replacement for 
sequential control logic 


™ Advanced Mealy state machine/sequencer 
architecture 


™@ Programmable AND/programmable OR array 
for flexibility 


Full drive: 24 mA lou, three-state outputs 


Dedicated hardware features to enhance 


testability 

~ Diagnostic Mode access to buried state register 

— Register Preload and Power-up Preset of all 
flip-flops 


GENERAL DESCRIPTION 


The PLS167 and PLS168 are field-programmable re- 
placements for sequential logic. The devices function as 
Mealy state machines with a registered output. The PLS 
utilizes the familiar AND/OR PLA logic structure to im- 
plement sum-of-product equations. Both arrays are 
user-programmable to implement transition terms caus- 
ing changes in the internal state register or output regis- 
ter. The PLS167/8-33 devices are fabricated in Ad- 
vanced Micro Devices’ advanced oxide-isolated bipolar 
process. The PLSCE167/8H-37 devices are fabricated 


BLOCK DIAGRAM 


cr 


Advanced 
Micro 
Devices 


@ User-programmable pin for asynchronous 
flip-flop Preset/Output Enable 


Automatic “Hold” state via S-R flip-flops 


Security bit hides proprietary designs from 
competitors 


™ Supported by PALASM®software and 
standard PLD programmers 


@ Available in 24-pin plastic SKINNYDIP® and 
28-pin PLCC packages 


mM Fabricated with high-performance bipolar and 
electrically erasable CMOS technology 


in a high-speed, EE CMOS process; they offer signifi- 
cant power improvement (Icc of 100 mA) over compet- 
ing parts. 


The PLS devices are fully supported by industry-stan- 
dard CAD tools, including the PALASM design software 
package. Device programming is accomplished by us- 
ing standard PLD programmers. 


lo — 113 (167) 








CLK L_> 


Qo — Q3 (167) 
Qo — Q3 (168) 





PALASM and SKINNYDIP are registered trademarks of Advanced Micro Devices. 
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 


mee A «  S§ Me 
| Programmable AND Array 
| (45 x 48) 


Po — Py (167) 


Po — P3 (168) 14081-001A 









Publication # 14081 Rev. A Amendment /0 


Issue Date: January 1990 
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CONNECTION DIAGRAMS 


PLS167 PLS168 
SKINNYDIP SKINNYDIP 








14081-002A 14081-003A 





PIN DESIGNATIONS 


CLK Output/state register clock 

GND Ground 

| Inputs to AND array 

P Programmable output/state register 

P/OE Programmable asynchronous function pin; 


default is active-high Preset (all registers 
go HIGH), programmed is active-low 


Output Enable 
Q Output register outputs 
Voc Supply Voltage 
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ORDERING INFORMATION 
Commercial Products (Bipolar Only) 


AMD programmable logic products for commercial applications are available with several ordering options. The 


order number (Valid Combination) is formed by a combination of: 


Family Type 

Device Number 
Speed 

Operating Conditions 
Package Type 
Optional Processing 


“paoop 


PLS 167 -37 C NS 






a. FAMILY TYPE 
PLS= Programmable Logic Sequencer 


b. DEVICE NUMBER 
167 = 14x 48x6PLS 
168 = 12x 48x8PLS 


c. SPEED 
-37 = 37 MHz fmax 





OPTIONAL PROCESSING 
Blank = Standard Processing 


PACKAGE TYPE 

NS = 24-Pin 300-mil Plastic 
SKINNYDIP (PD3024) 

FN = 24-Pin Plastic Leaded 
Chip Carrier (PL 028) 

JS = 24-Pin 300-mil Ceramic 
SKINNYDIP (CD 3024) 


OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 





Valid Combinations 


The Valid Combinations table lists configurations 





Valid Combinations 


PLS167-37 
: CNS, CFN, CJS 
PLS168-37 | 






planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional dataon AMD’s standard military 
grade products. 


Note: Marked with MMI logo. 


PLS167/168 
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ORDERING INFORMATION 
Commercial Products (CMOS Only) 


AMD programmable logic products for commercial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 







Valid Combinations | 
PLSCE167H-33 


PC, JC, DC 
PLSCE168H-33 


Family Type 

. Technology 

Device Number 
Power 

Speed 

Package Type 

. Operating Conditions 
. Optional Processing 


same ao gp 


PLS CE 167 H -33 P C 

























FAMILY TYPE 
PLS = Programmable Logic Sequencer 


TECHNOLOGY 
CE = CMOS Electrically Erasable 


[s h. OPTIONAL PROCESSING 
Blank = Standard Processing 


g. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 


DEVICE NUMBER 
167 = 14x 48x6PLS 
168 = 12x 48x8PLS 





POWER 
H = Half Power (100 mA Icc) 


SPEED 
-33 = 33 MHz fmax 


PACKAGE TYPE 
P = 24-Pin 300-mil Plastic SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 
D = 24-Pin 300-mil Ceramic SKINNYDIP (CD3024) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 





Note: Marked with AMD logo. 
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PLS167/168 


FUNCTIONAL DESCRIPTION 
State Machine Implementation 


State machines contain conditional input logic, state 
memory and output generation logic. The PLS device is 
built around a programmable AND/OR logic array which 
serves as both conditional input and output generation 
logic. Forty-eight product or transition terms are found in 
the AND array. The AND array is driven from several 
sources: there are twelve to fourteen external inputs, six 
internal feedback signals from the buried state registers, 
two to four progammable registers, and the complement 
term. 


The OR array drives the output registers, programmable 
registers, buried state registers, and the complement ar- 
ray term. The PLS device offers six to eight output regis- 
ters and six buried state registers. 


Architectural Details 


[Part Number [Pina] Inputs | Flip-Flops | Ouipute| 
ppisie7_— | 24 | 14 | 12] 
pPisies | a4 | 12 | 4 Tk 


State and Output Registers 


The state and output registers are both implemented 
with edge-triggered S-R type flip-flops. If neither input is 
active, the flip-flop will retain its contents when clocked. 
This free “hold” state saves product terms. The registers 
may change only on the LOW-to-HIGH transition of the 
clock pulse. There are four output registers, two output/ 
buried registers and six buried state registers on the 
PLS167 device, and two additional output/buried regis- 
ters on the PLS168 device. 


Logic Implementation 


All transition terms can include True, False, or Don't 
Care states of the controlling variables. The OR array 
merges one or more product terms to generate the de- 
sired user logic functions for the output and next-state 
registers. This sharing of OR-terms minimizes the over- 
all logic required to implement complicated control func- 
tions. 


Complement Array Term 


An internal variable (C) known as the complement array 
term directly implements the “else“ logic clause at any 
state. This often reduces the number of product terms 
required for a conditional “else” transition . The comple- 
ment array can also be used for illegal state recovery 
and designing modulo counters. 






Initialization 


Starting the state machine in a known state is facilitated 
by power-up preset circuitry which unconditionally loads 
a “1” into each flip-flop during power-up or by using the 
asynchronous Preset function. Synchronous transitions 
to the initial state can be made by having an input be an 
OR termon allthe state register S inputs, and ANDing its 
complement with all of the R logic terms. Whenever this 
input is active the machine will synchronously change to 
the state with all outputs high. 


Output Enable 


The Preset input can be converted to a three-state Out- 
put Enable function by an architecture bit. Expansion to 
larger control functions can be accommodated by con- 
necting several PLS devices to a control bus and selec- 
tively enabling them to each handle a segment of the 
control algorithm. This user-programmable option is 
specified as an auxiliary equation in the design file or op- 
tionally by use of a keyword. 


Typical Operation 


The details of device operation may be illustrated by the 
simple state transition indicated. The state register in- 
itially contains 010 and will become 001 after the next 
clock. For this to occur, state bit O must be set, state bit 1 
must be reset and state bit 2 must hold its value. The 
transition term fragments listed produce this result. The 
So and R; product terms detect the bit pattern for the 
current state (010) and produce a logic one. All other 
terms evaluate to a zero, producing the transition to 
state 001. 


LOGIC FUNCTION 


s2 si sO 





So = $2*s1*sO+... 


STATE REGISTER 
SET 


s0 Ro =0Q 
RESET $1 
HOLD $2 $;=0 
R = $2*si “S04 
S2=0 
R2=0 12905-004A 


Typical State Transition 


Security Bit 


Asecurity bit is provided on the PLS167/8 as a deterrent 
to unauthorized copying of the array configuration pat- 
terns. Once programmed, this bit defeats readback of 
the programmed pattern by a device programmer, 
securing proprietary designs from competitors. 


On the PLSCE167/8, programming and verification are 
also defeated by the security bit. The bit can only be 
erased in conjunction with the array during an erase cy- 
cle. The security bit also prevents preload and obs- 
ervability. 


Programming and Erasing 

The PLS167/8 can be programmed on standard logic 
programmers. Approved programmers are listed in the 
Programmer Reference Guide. 


The PLSCE167/8 may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 
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OO —— Product Terms 


PLS167 LOGIC DIAGRAM 
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2. All disconnected OR gate inputs float to a logic “0.” 
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1. All disconnected AND gate inputs float to a logic “1.” 
2. All disconnected OR gate inputs float to a logic “0.” 


Notes: 





ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 
Ambient Temperature with : : Ambient Temperature (Ta) 
Power Applied -55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Respect S 

i upply Voltage (Vcc) with 
to Ground ta Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage —-0.5Vto+5.5V 
DC Output or I/O Pin Operating Ranges define those limits between which the func- 
Voltage -~0.5 Vto 45.5 V tionality of the device is guaranteed. 
DC Output Current +16 MA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC eee ICS over COMMERCIAL operating ranges unless otherwise 
specifie 


Parameter | 
Symbol Parameter Description Test Conditions 
Vo Output HIGH Voltage loo = -3.2 MA Vin = Vinor Vit | 2.4 V 
Voc = Min. 







VoL 








H 
Output LOW Voltage lor =24mMA  Vin=Vunnor Vit 
Voc = Min. 
1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 5.5 V 
Voltage for all Inputs (Note 1) 
Vit Input LOW Voltage Guaranteed Input Logical LOW V 
Voltage for all Inputs (Note 1) 
Input Clamp Voltage lin = -18 MA, Voc = Min. Ff ata | 
Input HIGH Current Vn=24V,Voo=Max.(Note2) | ~*| 20 


Input LOW Current Vin = 0.4 V, Vcc = Max. (Note 2) 
Maximum Input Current Vin = 5.5 V, Voc = Max. 


lozH Off-State Output Leakage | Vout = 2.7 V, Vcc = Max., 
Current HIGH Vin = Vit or Vin (Note 2) 
loz Off-State Output Leakage Vout = 0.4 V, Voc = Max. 
Current LOW Vin= Vit or Vin (Note 2) 
| Ise Output Short-Circuit Vout = 0.5 V, Vec = Max. (Note 3) -30 | -130 mA 
Current | | 
Icc Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) 160 mA 
Voc = Max. 
Notes: 


1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 


V 









2. W/O pin leakage is the worst case of Ii, and loz (or lin and lozn). 


3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description | Test Conditions 


Input Capacitance Vin = 2.0 V 
Cout Output Capacitance Vout = 2.0 V 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 













SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
Symbol | Parameter Description 


Lee Setup Time from Input or Feedback to Clock | Without Complement Array | 47 | | ons | 

















| tse | Setup Time from Input or Feedback to Clock | With Complement Array | 30 | {ons | 


[4 | Hota Time os 


oe ee 
ae a Oe N 
| ta Asynchronous Preset to Output fF | 15 | ons | 


tsc 
tH 
tco 
WL 
WH 
tpxz | 








Asynchronous Preset Recovery Time a ee ec 
ook war LLOW Tal Te 
HIGH CS aoe eS 


| f External Feedback | Without Complement | 1/(ts + tco) | 33 MHz 
aie Maximum Array 
Frequency : : | 
(Note 3) | External Feedback | With Complement 1/(tsc + tco) ae ae 
Array 


OE to Output Enable 7 | 
[tee | OE to Output Disable 


Notes: 
2. See Switching Test Circuit for test conditions. 











3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ~65°C to +150°C Commercial (C) Devices 
Ambient Temperature with , Ambient Temperature (Ta) 
Power Applied “55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Re t 
oom -0.5 V to +7.0 V Supply vollage Svce) win 
Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -—0.5 V to +7.0 V 
DC Output or /O Pin Operating Ranges define those limits between which the func- 
Voltage -0.5Vt04+7.0V tionality of the device is guaranteed. 
Static Discharge Voltage 2001 V 
Latchup Current 
(Ta = 0°C to +75°C) 100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC ae ee over COMMERCIAL operating ranges unless otherwise 
specifie 


Parameter 
Symbol Parameter Description Test Conditions 


Output HIGH Voltage low =-3.2mMA Vin= Visor Vit 
Vcc = Min. 


Voi Output LOW Voltage lor = 24MA  Vin=Vuror Vit 
Vcc = Min. 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 1) 
Vit Input LOW Voltage | Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 
| Im | Input HIGH Leakage Current | Viv = 5.25 V, Veo =Max.(Note2) | 
Input LOW Leakage Current | Vin=0OV, Vec = Max. (Note 2) ee 


loZH Off-State Output Leakage Vout = 5.25 V, Vcc = Max., 
| Current HIGH Vin = Vit or Vin (Note 2) 
loz Off-State Output Leakage Vout = 0 V, Vcc = Max. —1 
Current LOW ‘| Vin= Vit or Vin (Note 2) 











Isc | Output Short-Circuit Vout = 0.5 V, Voc = Max. (Note 3) -30 | -130 mA 
Current | 
loc Supply Current Vin= 0 V, Outputs Open (lout = 0 mA) 100 
| Voc = Max. | 


Notes: 
1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 
2. VO pin leakage is the worst case of I, and lozt (or liq and lozn). 


3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vout = 0.5V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


Parameter 
Symbol Parameter Description Test Conditions Typ. 


Cin Input Capacitance Vin= 2.0 V 
Cout Output Capacitance Vout = 2.0 V 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 





SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
Symbol | Parameter Description 


Setup Time from Input or Feedback to Clock | Without Complement Array | 17 | | ons | 








tsc Setup Time from Input or Feedback to Clock | With Complement Array 

th Hold Time Eo 

tco | Clock to Output [a3 | ns 

tcr Clock to Feedback (Note 3) Ff to | ons 

Asynchronous Presetto Output _ || 15 | ons | 

tapw | Asynchronous Preset Width | - 10} | ns | 

tapR Asynchronous Preset Recovery Time Pee a ig. 

pow OSC™~™SOCCC Os 

Clock Width : 
a Ex pio [ [ns 
fMax External Feedback | Without 1/(ts + tco) 33 | | MHz 
Complement : 

Maximum Internal Feedback | Array I(ts + tr) |37 || MHz | 
Frequency : 

(Note 4) External Feedback | With 1/(tsc + tco) 23 {| MHz 

Complement 

Internal Feedback | Array 1/(tsc+ tcF) | 25 {| MHz 

OE to Output Enable | | 12 | ons | 

OE to Output Disable | { t0.| ns | 


























faxc 








tpzx 





texz 





Notes: 
2. See Switching Test Circuit for test conditions. 
3. Calculated from measured fra x internal. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 


input or 
Feedback 
(without 
Complement 
Array) 


Clock 





Output VT 


12905-006A 
Registered Output (without Complement Array) 





Input or , 
Feedback (with 
Complement T 
Array) | ) 
tsc 


Clock 


VT 
pa— tco 
Output VT 





12905-007A 
Registered Output (with Complement Array) 


CLK 








e 
ts + tcr | 
| 
[ 
12149-025B | 
Clock to Feedback (fax Internal) ¥ 
See Path at Right 
tWH 
Clock Vr Preset 
tWe 
12015-011A Output 
Clock Width 
Clock 
OE 
12905-009A 
Asynchronous Preset 
Output 
=A 12905-008A 
E to Output Disable/Enable 
Notes: 
1.Vr=1.5V 
2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 
Change Changing 
from Lto H from Lto H 


Don't Care; Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 

Apply Line is High- 
Impedance 
“Off” State 





KS000010-PAL 
SWITCHING TEST CIRCUIT 


5V 


Ry 
Output Test Point 
; i ° 


12350-019A 











Z—L: Closed 
tpxz H —Z: Open 5 pF HZ: Von —-0.5 V 
lL —Z: Closed L—Z: Vor +0.5 V 


PLS167/168 3-33 














ENDURANCE CHARACTERISTICS 


The PLSCE167/8 is manufactured using AMD’s ad- 
vanced electrically erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 


Endurance Characteristics 





Min. Pattern Data Retention Time 





R 
N Min. Reprogramming Cycles 


parts. As a result, the device can be erased and 
reprogrammed — a feature which allows 100% testing at 
the factory. 


Years Max. Storage 
Te mperature 









Temperature ( 125°C) 


Cycles Normal Programming 
Conditions 





INPUT/OUTPUT EQUIVALENT SCHEMATICS 


CMOS 
Typical Input 


Program/Verify 
Circuitry 


10205-012A 


BIPOLAR , 
Typical Input 


Voc 


Program/Verify 
Circuitry 
10205-010A 
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Typical Output 


Vcc 












Preload Observability 
Circuitry Circuitry 


= 10205-006A 


Typical Output 


> Voc 






40 2 NOM 





_ Program/ 


Preload/ 
Verify/ | Observability 
| Test Circuitry 
Circuitry 
10205-011A 
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OUTPUT REGISTER PRELOAD 


(Bipolar Only) 

The preload function allows the register to be loaded 5. Pulse pin 21 or pin 8/7 from Vite to Vy and back to 
from the output pins. This feature aids functional testing Vip. Pin 21 will preload output registers while pin 
of sequential designs by allowing direct setting of output 8/7(167/168) will preload buried state registers. 


states. The procedure for preloading follows. 
1. Raise Vcc to 5.0 V+0.5 V. 


6. Remove Vitp/Vinp from output pins. 


7. Enable output pins by lowering P/OE pin to Vitp. 
Raise pin 19 to Vun. 
(ak, 8. Lower pin 19 to Vite. 
Disable output pins by raising P/OE pinto Vinp. 


hb wo DN 


. Apply Vine/Vicp as desired to all output pins. 


Parameter 
Symbol Parameter Description 


11 
[Vir | Low-levelinputvottage SSCS | 
| Deayime SSCS—SSOSCSCSCSC“‘SNCY C4) 
Vin Rise Time Slew Rate fF 40 || 100 | Vins | 


avsat | “Vis Fall Time Slew Rate eo oo ius 
Preload Data | Pulse | Preloaded Register 


PLS167 PLS168 
Preload Data | Pulse | Preloaded Register 

Or Gs, PePs) | 

Qo-Qs, Po-Ps 


Qo-Qs,PoPif ff 
X, X, Dz-Dr 












5 | 12 | 
oe 














| Do-Ds_ | Pin 21 | Qo-Qs, Po-P1_ 
| Do-Ds_ | Pins | SoSs 












Pin 19 VILP 
ee 2 eee, ee ViHP 

P/OE ViLP 

VHP 

OH 

Outputs Var 
ViLP 

VHH 

Pin 21 or 8/7 VILP 





14081-008A 


Output Register Preload Waveform 
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OUTPUT REGISTER PRELOAD 


(CMOS Only) 

The preload function allows the register to be loaded 5. Apply either Vinp or Vite to all outputs. Use Vinp to 
from the output pins. This feature aids functional testing preload a LOW in the flip-flop; use Vi_p to preload a 
of sequential designs by allowing direct setting of output HIGH in the flop-flop. 


states. The procedure for preloading follows. 
1. Set OE to Vinp to disable outputs. 
2. With Mode pins LOW raise Vpp to Vin. 


. Pulse MCLK from Vitp to Vinp to Virp. 


. Lower Vpp to Vite. 
3. Use Mode pins to select Preload Output or 
Preload State. 


4. Raise CLK to Vip. 10. Verify Vot/Vou at all outputs. To verify state 
registers, use the observability mode. 


6 
7. Remove preload data from outputs. 
8 
9 


. Lower OE to Vip to enable the outputs. 






[Vp | Low-levelinputvotage ——=S~=~“~*~*~*~“‘*~*~*~*~sSCiSC*dSC‘ CSC 
Vecst | V 
[to | Delaytime SSCS Pdi 
[avict__[ Vi Rlse Time SiewRate———SSSCS~S tf «800 Ws 


dV /at Vu Fall Time Slew Rate an ee | 








i SS er er een VIHP 
OE 
ViLP 
aaa aa a VHH 
tb 

Vep \ - 
Mode VIHP 

Pins ¥ 
ILP 
VIHP 
CLK VILP 
VIHP 
VOH 
Q VoL 
Vitp 
VIHP 
MCLK ViLP 
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Output Register Preload Waveform 
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OBSERVABILITY 
(Bipolar Only) 


The observability function allows the state register to be 1. Apply Vun to pin 20. 

sent to the output pins. This feature aids functional test- 

ing of sequential designs by allowing direct observation 2. Observe So-Ss on pins Qo-Qs, Po-Ps (167) or 
of the buried state register. The procedure for obser- Q2-Q3, Po—Ps (168). 

vability follows. 


Parameter | Parameter 
Symbol Description 
Super-level input voltage 12 | 125 | V_| 









VHH 

Pin 20 
VILP 
VOH 

Outputs 
VoL 


14081-010A 


Observability Waveforms 
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OBSERVABILITY 
(CMOS Only) 


The observability function allows the state register to be 2. With Mode pins LOW raise Vpp to Vin. 


sent to the output pins. This feature aids functional test- 


ing of sequential designs by allowing direct observation | 3. Use Mode pins to select Observability. 


of the buried state register. The procedure for obser- 4. Lower OE to Vip to enable the state data to the 


vability follows. outputs. 


1. Set OE to Vinp to disable outputs. F 


Mode Select Pins 


. Lower Vpp to Vitp. 








Vpp 
eee Observability 
* 
OE 


tp 


. 


Observability Waveforms 
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POWER-UP PRESET 

The power-up preset feature ensures that all flip-flops 1. The Vcc rise must be monotonic. 
will be preset to HIGH after the device has been pow- 
ered up. This feature is valuable in simplifying state ma- 
chine initialization. A timing diagram and parameter ta- 
ble are shown below. Due to the synchronous operation 
of the power-up preset and the wide range of ways Vcc 
can rise to its steady state, two conditions are required 
to ensure a valid power-up preset. These conditions are: 


Parameter | 
ES YTODON 12. oF srometer Description Aare ns 


2. Following preset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed- 
back setup times are met. 





Power-up Preset Time eT 


fo ts | Input or Feedback Setup Time See Switching 
Clock Width LOW Characteristics 











Vec 
Power 
Output / /5 / | 
—. E 
Cc \\) 
oc \ ] 
{we 12905-013A 


Power-Up Preset Waveform 
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28-Pin Universal Programmable Logic Sequencer 
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Advanced 
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DISTINCTIVE CHARACTERISTICS 
M Field-programmable replacement for 


sequential logic 
— Eases design and speeds time to market 


™ Advanced Mealy state machine architecture 
— Programmable AND and OR arrays for 
increased logic capability 
— S-R flip-flops provide automatic hold state 


= 64 product terms and 12 state registers allow 
many states 


H Upto 12 registered outputs or up to 8 
combinatorial outputs 


H 17 inputs inciuding four with synchronizing 
D-type flip-flops 


GENERAL DESCRIPTION 


The PLS30S16 is an advanced 28-pin field-programma- 
ble logic sequencer (PLS). It is a flexible superset of 
other 28-pin PLS devices with additional logic and addi- 
tional flexibility. The device functions as a Mealy state 
machine with either registered or combinatorial outputs. 
The PLS30S$16 utilizes the familiar AND/OR PLA logic 
structure (17x71x12) to implement Boolean sum-of- 
product equations. 


Up to 17 external inputs drive the AND array, four of 
which may be registered. Both AND and OR logic arrays 
are programmable, eliminating redundant terms and re- 
strictions on terms per output. The AND array creates 
transition terms and the OR array merges terms for state 
transitions and output logic. Two complement array 
logic terms are provided to create multiple-pass logic 
functions. These terms are commonly used to generate 
the “else” branches for undecoded default transitions. 


AMD PLS FAMILY 


Part Number 


PLS30$16 









PLS105 | as 
PLS168 | 





PAL PALASM and SKINNYDIP are registered trademarks of Advanced Micro Devices. 
IMOX is a trademark of Advanced Micro Devices. 





This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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@ Twocliock inputs and two complement arrays 
for dual state machines in one device 


@ Enhanced testability 
— Observability of all buried registers 
— Register Preload of all flip-flops 
~- On-chip test array for 100% testability 


® Supported by PALASM® software and 
standard PLD programmers 


™@ Available in 28-pin plastic SKINNYDIP® and 
PLCC packages 


@ High performance at 40 MHz fmax 


The PLS30S16 has 16 S-R flip-flops, 12 of which drive 
the AND array as state bits. Four of these flip-flops are 
part of dual-feedback I/O macrocells; four other macro- 
cells function as either registered or combinatorial out- 
puts. The other two banks of four flip-flops act as dedi- 
cated buried register state bits and registered outputs. 
The clock function is individually selectable for the four 
banks of flip-flops. Up to 12 outputs can be configured, 
ail of which have three-state buffers controlled by prod- 
uct terms. 


The PLS30S16 utilizes AMD’s high-speed bipolar proc- 
ess for the best performance. The entire PLS family is 
fully supported by PALASM design software, enabling 
verification of the design and conversion to the JEDEC 
standard programming format. The device is supported 
by industry-standard programming and development 


tools. 
Output 
Registers 
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internal Signals 


QI/O0,;-QI/O4 


QO0;-QQ,4 


Qi-Q4, 
CLKo 
CLK, 
CLK2 
Co-Cy 
OBS 
OE;—OE,4 


OEo 
OER 


Registered feedback associated with 
VO;-1/04 


Registered feedback associated with 
01-0, 


Buried registers 

Clock for IRi—IR4 

Clock for QI/0;—QI/O4 

Clock for OR;—OR,4 and Q;—Q, 
Complement array sum terms 
Observability product term 


Output enable product terms for 
O1-1/O4 


Output enable product term for O;—O, 


Output enable product term for 
OR:—OR,4 
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CONNECTION DIAGRAMS 
Top View 


SKINNYDIP © 


VO, 





ey ale ae 
roa) st Q 
5 6 & 


12149-002A 12149-003A 


Note: Pin 1 is marked for orientation 


PIN DESIGNATIONS 


ly - Ig Inputs 

IR1-IR4 Registered inputs with bypass 

I/O1-l/O4 Registered or combinatorial I/O with 
dual feedback 


O;-O4 Registered or combinatorial outputs 
OR:1-OR, Registered outputs 

CLKa Clock input; clock for 01-O, 
CLKp/lo Clock and/or array input 

Vec Supply Voltage 

GND Ground 
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ORDERING INFORMATION 
Commercial Products 


AMD commercial programmable logic products are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 


Family Type 

Number of Array Inputs 
Feature 

Number of Flip-flops 
Speed 

Package Type 
Operating Conditions 
Optional Processing 


sa ™2 ATP 


PLS 30 S 16-40 P C 


a. FAMILY TYPE | 
PLS = Programmable Logic Sequencer h. OPTIONAL PROCESSING 


Blank = Standard Processing 


b. NUMBER OF ARRAY INPUTS 
g. OPERATING CONDITIONS 


C = Commercial (0°C to +75°C) 





c. FEATURE 
S = Sequencer 


d. NUMBER OF FLIP-FLOPS EJ 


e. SPEED 
— 40 = 40 MHz fmax 








f. PACKAGE TYPE 

P = 28-Pin 300-mil Plastic 

SKINNYDIP (PD3028) 

J = 28-Pin Plastic Leaded 
Chip Carrier (PLO28) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD’s standard military 
grade products. 









Valid Combinations 


| PLS30S16-40 JC 


Note: Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 
State Machine Implementation 


State machines contain conditional input logic, state 
memory and output generation logic. The PLS30S16 is 
built around a programmable AND/OR logic array which 
serves as both conditional input and output generation 
logic. 64 product or transition terms are found in the 
AND array. It is driven from several sources: 17 external 
inputs, 12 internal feedbacks from the state registers, 
and 2 complement terms. 


All transition terms can include True, False, or Don't 
Care conditions of the controlling variables. The OR ar- 
ray merges one or more product terms to generate the 
desired logic functions for the output and state regis- 
ters. This sharing of OR terms minimizes the overall 
logic required to implement complicated control func- 
tions. The two internal variables Co— C; are known as 
the complement array terms, and can directly imple- 
ment a default branch (the “else” branch) from any state. 
Two complement arrays allow the integration of two in- 
dependent state machines. 


Inputs 


The device inputs include the eight dedicated inputs 
I1~-ls, optionally registered inputs IR:-IR4, CLK, and I/O 
pins 1/O;-1/O4. All signals are complemented on-chip, 
allowing either true or complement versions in equa- 
tions. If any input pin is not used, it should be tied to GND 
or Vcc. 


Inputs IRi-IR4 have synchronizing D-type flip-flops to 
Capture transient signals or eliminate potential register 
setup time violations. The flip-flop is a simple D-type that 
is loaded on the rising edge of CLKo (Figure 1). CLKo 
can be either polarity of either clock input, allowing the 
input register to be clocked on the opposite phase of the 
output register clock, or independently of the output reg- 
ister. Each flip-flop can be individually bypassed by pro- 
gramming the multiplexer fuse (Sl). 





12149-005A 


Figure 1a. Input Register 









CLKa, 
/CLKa, 
CLKa, 


/CLKp 12149-006A 


Figure 1b. input Register Configuration; 
Registered input (Si = 1) 





12149-007A 


Figure 1c. Input Register Configuration; 
Combinatorial Input (SI = 0) 


CLKg can be used as a standard array input if not 
needed as a Clock input. If CLKg is to be used both as a 
logic input and as a clock, great care should be taken to 
avoid setup time violations. 


S-R Flip-flops 


The 16 state and output registers are implemented with 
rising-edge triggered, clocked S-R type flip-flops (Figure 
2). The flip-flop goes HIGH after the clock edge if the S 
(Set) input is HIGH, and LOW if the R (Reset) input is 
HIGH. If neither input is HIGH, the flip-flop will retain its 
contents when clocked. This free “hold” state saves 
product terms. S and R may not be HIGH at the same 
time. The registers may change only on the LOW-to- 
HIGH transition of the clock input, which depends on the 
selection of the clock source. 


Q (hold) 


0 (reset) 
1 (set) 
not allowed 





4 = rising edge transition 
12149-008A 
Figure 2. S-R Flip-flop Logic 
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State n 


State n+1 


Typical Operation 


The details of device operation may be illustrated by the 
simple state transition indicated in Figure 3. The state 
register initially contains 010 and will become 001 after 
the next clock. In order for this to occur, state bit QO must 
be set, state bit Q1 must be reset and state bit Q2 must 
hold its value. For the S-R type flip-flops, the equation 
fragments listed (in PALASM syntax) produce this re- 
sult. The Q0.S and Q1.R product terms detect the bit 
pattern for the current state (010) and produce a logic 
one, setting QO and resetting Q1. All other terms evalu- 
ate to a zero, producing the transition to state 001. 


2 Q1 Q0 
9] +] 9] 


Present 
State 






State Register 


Set Qo Q0.S = /Q2°Q1*/Q0 + ... 
Reset Q1 QO0.R a 
Q1.R = /Q2°Q1*/Q0 +... 
Q2.S = 
Q2.R = 
12149-004A 


Figure 3. Typical State Transition 





Buried Registers 


Q;—Q, are the four dedicated buried registers (Figure 4). 
They can be used as state bits, storing the current state 
and using feedback to the AND array to help determine 
the next state. All four flip-flops are clocked by CLKa, 
which can be either CLKa or CLKg according to the 
Clock Mux. 





To Output 
Register Pin 


12149-009A 


Figure 4. Buried Register 


The buried registers Q:—Q,4 can be preloaded to any 
value (see “Register Preload”). Data to be preloaded is 
placed on pins I/O;—I/Og, pin 2 is raised to a supervol- 
tage, and CLKs is raised. The value in the registers can 
be examined by Observability (see “Register Obser- 
vability”). Observability mode is entered either by a su- 
pervoltage on pin 21 or assertion of the Observability 
product term. The data in the buried registers is then 
sent to output pins OR:—OR«. 


The initialization logic shown, controlled by fuse SA, is 
discussed later for all registers. 
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Dual-Feedback Macrocells 


1/O1—1/O4 are the four dual-feedback macrocells (Figure 
5). Register bypass is controlled by fuse SO for each 
macrocell. Feedback from both the flip-flop and the pin 
allows the same macrocell to function as both a buried 
state register and a combinatorial I/O or dedicated input. 


Note that the combinatorial path is fed by a separate 
NOR gate, allowing completely independent combina- 
torial and buried register functions. The buried register 
signals are named QI/O;—QI/O4. The flip-flops are 
clocked by CLK;, which can be either CLKa or CLKg ac- 
cording to the Clock Mux. 








OE (independent) 
a a. 
12149-010A 


Figure 5a. Dual-Feedback Macrocell 
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CLKa or CLKg 





OE (independent) 





12149-011A 


Figure 5b. Dual-Feedback Macrocell Configuration; 
Buried Register and Combinatorial 1/O 





Z\ ZN 


CLKa or CLKg = 





1 OE (independent) 
a 


12149-012A 


Figure 5c. Dual-Feedback Macrocell Configuration; 
Registered I/O 


Each dual-feedback macrocell output has independent 
output enable control; the outputs 1/O;-l/O4 are con- 
trolled by enable terms OE;—OEz,, respectively. With the 
output disabled, the pin can be used as an additional 
dedicated input. Dynamic enable control allows the pin 
to be connected to a bus. 


The four flip-flops can be preloaded from the associated 
pins by raising pin 2 and ciocking CLKa (see “Register 
Preload”). The state of the flip-flops can be observed on 
the pins in Observability mode, even if buried (see “Reg- 
ister Observability’). 
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Single-Feedback Macrocells path, allowing separate equations for the state bits and 


Pins O,—O. provide four additional state registers with 
either registered or combinatorial outputs (Figure 6). 
The combinatorial path is independent of the registered 


the combinatorial outputs. The flip-flops are clocked by 
the CLKa input. Register bypass is controlled by fuse SO 
for each macrocell. 





12149-013A 


Figure 6a. Single-Feedback Macroceli 
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L> 


12149-014A 


Figure 6b. Single-Feedback Macrocell Configuration; 
Buried Register and Combinatorial Output 


Ly OE 





12149-015A 


Figure 6c. Singie-Feedback Macroceli Configuration; 
Registered Output with Feedback 





All four outputs are controlled by a common output en- The associated buried register signals QO;—QO, can be 
abie term, OEo. The enable allows connection to a bus. preloaded or observed similarly to Qi—-Q4 (see “Regis- 
ter Preload”). 
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OER OBS 


ee 





fe 


From Buried 


pegiete 12149-016A 


Figure 7. Output Register 


Output Registers 


Pins OR;:—OR,z are dedicated registered outputs (Figure 
7). These four flip-flops are clocked on the rising edge of 
CLKo, which can be either CLKa or CLKg. 


The registered Outputs are enabled by product term 
OEnr, allowing connection to a bus. 


The register can be preloaded by piacing the data on the 
pins, raising pin 2, and clocking CLKg (see “Register 
Preload”). Observability is not necessary since the reg- 
isters cannot be buried. During observability mode, the 
outputs are replaced with the buried register values 
Q:-Q,. 
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Figure 8. Ciock Multiplexer 


Clock Multiplexer 


The clock multiplexer takes the two clock inputs CLKa 
and CLKg and creates four separate clocks for the five 
banks of flip-flops (Figure 8). CLKo can be either polarity 
of CLK, or CLKg, and is used to clock the input register. 
CLK; can be the rising edge of either clock input, and is 
used to clock the dual-feedback macrocell register 
(QI/O;—QI/O4). CLKa also can be either CLKa or CLKs 
and is used to clock both the buried register Q;—Q,4 and 
the output register OR:—OR,4. CLKa is directly used to 
clock the single-feedback macrocell register Q0;—-QO.. 
The source for each clock signal is independently con- 
trolled by the fuses in the clock mux, SC;—SC, (Table 1). 


CLK, (QO, - QO, ) 


CLK 2 (Qy -Q4, OR, -OR4) 


CLK, (QUO; - QI/Q4) 


CLKg (IR, - IRq) 


12149-017A 
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Table 1. Clock Mux Logic 





ToT Ban 
(IRi—IR) (QIU/0,—QI/Os) 
ae ec a ee 
ee Sa RE ee ee 
ae ee 
a 
{eis 
aa 
=a 





CLK2 
(OR1—ORg, Q:1—Qa) 


CLKa 





The two clock inputs and clock multiplexer allow two 
State machines in one device. CLKa can be used to 
clock one state machine consisting of at least Q0:-QO4 
while the other state machine can consist of any of the 
other register groups. The two clock inputs also allow 
the input registers to be clocked independently of the 
output/buried registers if CLKo is made a function of 
CLKg, and CLK; and CLK? are tied to CLKa. The user- 
selectable polarity option on CLKo allows the input regis- 
ters to be clocked on the opposite edge of the same 
clock input for the output/state registers. 


Output Enable 


All outputs of the device have three-state buffers. The 
/O1-I/O4 pins have individual OE product terms, 


OE.—OEz, allowing the user to individually select the re- 
quired number of outputs and inputs. The O;—Ox regis- 
tered or combinatorial outputs have a single OE product 
term for the bank, OEo. Registered outputs OR;:—OR«4 
are bank enabled by product term OEnr. 


Expansion to larger control functions can be accommo- 
dated by connecting several PLS devices to a control 
bus and selectively enabling them to each handle a seg- 
ment of the contro! algorithm. Since the product terms 
are 0 when unprogrammed, ail twelve outputs will be 
disabled in the unprogrammed state. 
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12149-018A 


Figure 9. Complement Array - implementing Default Transitions 





Complement Array Terms 


The two complement array terms (Co—C:) are simply in- 
verted feedback signals from the OR afray to the AND 
array. The complement array can be used to conserve 
product terms, especially by implementing default tran- 
sitions. 


For local default transitions, or “else” branches, the input 
to the complement array term is connected to all of the 
potential transition product terms (TA;—TAs) from the 
given state (A) (Figure 9). When none of these terms is 
TRUE or HIGH, the Co or C; signal will be LOW and the 
inverted feedback will be HIGH. This feedback signal 
can be connected to a product term that implements the 
default transition (DA). Since the default product term 
can also be connected to the state bits that define the 
present state, the complement array term can be re- 


used for every default transition. As a universal default 
term, the complement array term can be used as an ille- 
gal state recovery term. With two complement arrays, it 
is easier to define two state machines in one device. 


Logic Optimization 


The flexibility of the programmable OR array allows two 
primary advantages over the architecture found in 
PAL® devices. First, no duplication of product terms is 
required, since the same product term can be part of 
multiple output equations. In effect, all 64 product terms 
are available for all equations. In addition, programma- 
ble polarity is not needed, since any equation can be 
DeMorganized to its opposite polarity. Note that regis- 
tered outputs are active high with respect to the sum 
term, and combinatorial outputs are active low with re- 
spect to the sum term. 
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Figure 10c. Initialization; 
Asynchronous Preset (SA = 1) 


Figure 10b. Initialization; 
Asynchronous Reset (SA = 0) 


Initialization 


Starting the state machine in a known state is facilitated 
by circuitry which unconditionally loads a value into 
each flip-flop using the asynchronous initialization func- 
tion, provided by a sum term for each nibble of registers. 
Individual fuses for each flip-flop (SA) dictate this initial 
value, either LOW or HIGH (Figure 10). The initialization 
control can be thought of as a 1:2 demultiplexer that se- 
lects Asynchronous Reset (AR) in the unprogrammed 
state (SA = 0), and Asynchronous Preset (AP) when SA 
is programmed (SA = 1) (Table 2). 


Table 2. Initialization Logic 


[sa | onTeRm a. 
Px [0 ca 








Synchronous transitions to the initial state can be made 
by a suitably programmed product term connected to 
the flip-flops’ S or R inputs, as dictated by the state map- 
ping. Whenever this input is active the machine will syn- 
chronously transition to the initial state, on the active 
edge of the appropriate clock signals. 


The initialization terms should not be dependent on the 
I/O pins, since these signals change during preload and 
observability. 


12149-0198 ae 


Test Features 


Testing of the PLS30S16 is enhanced by the dedicated 
hardware features of register preload and observability. 
Register preload allows use of an arbitrary test vector 
set to fully exercise all state transitions and guard 
against unreachable states and dead-lock loops. Obser- 
vability provides visibility of the internal state register 
outputs when strobed by a supervoltage control signal 
or enabled by the observability product term. 


The added features allow complete functional testing; 
AMD fully guarantees all AC specifications and timing 
margins. 


Register Preload 


All registers on the PLS30S16 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load- 
ing of arbitrary states, thereby making it unnecessary to 
cycle through long test vector sequences to reach a de- 
sired state. In addition, transitions from illegal states can 
be verified by loading illegal states and observing proper 
recovery. 


The preload function provides for loading of macrocell 
registers QO;—QO.4 and QI/O;:—QI/O«4 using CLKa, and 
input registers IR:-IR4 and output registers OR:—-OR, 
and the buried state registers Qi—Q, using CLKs. Data 
is placed onthe pins associated with the register (buried 
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state registers are loaded using the pins associated with 
(/O1-1/O4), and the appropriate pin is clocked. 


Preload mode is entered by placing a supervoltage sig- 
nal on pin 2 (see “Register Preload”). All outputs imme- 
diately enter a high-impedance state. Data to be 
preloaded should be established on the appropriate pins 
and either CLKa or CLKg pulsed. Following this, data is 
removed (high-impedance state) and the preload super- 
voltage removed. 


Device Observability 


In addition to the control offered by preload, testing re- 
quires observability of the internal state of the device fol- 
lowing a sequence of vectors. The PLS30S16 offers an 
observability feature that allows the user to send the hid- 
den buried register values to observable output pins. 


The PLS30S16 observability can be activated either by 
a supervoitage level applied to pin 21 or by the OBS 
product term. The contents of buried registers 
Q01-Q04, Qi/O1—QI/O4 and Q:—Qz, are placed on the 
output pins O;—Ox, 1/O:-1/O4, and OR:1—ORg, respec- 
tively (see “Register Observability’). 


For macrocells that are configured as combinatorial, the 
observability product term suppresses the selection of 
the combinatorial output by asserting the macrocell out- 
put mux into registered output mode. The observability 
product term allows the observation of the associated 
registers by overriding the output enable term and ena- 
bling the output buffer. 


Note that when the register contents are directed to the 
pins 1/O;-1/Oa, the signals on the pins fed back to the ar- 
ray can change value. If this happens to satisfy the logic 


terms associated with device initialization, the contents 
of some flip-flops may change state. The user is cau- 
tioned against using initialization terms involving 
/O;—l/O4 when device observability is desired. 


Security Fuse 


One security fuse in the PLS30S16 is provided to hide 
proprietary designs from examination by competitors. 
The security fuse, when programmed, blocks reading of 
the fuse array, preloading of the registers, and both su- 
pervolitage and product-term controlled observability of 
buried registers. The security fuse is verified by verifying 
the array as if every fuse were programmed. This secu- 
rity feature gives the user a proprietary circuit which is 
very difficult to copy. 


Technology 


The PLS30S16 utilizes AMD’s oxide-isolated IMOX™ 
process for the highest speed. The fuses are composed 
of proven Platinum-Silicide (PtSi) for high programming 
yields and high reliability. On-chip test fuses and test cir- 
cuitry allow factory testing of programmability and all DC 
and switching characteristics. 


Fuses are connected in the unprogrammed state and 
selectively disconnected during programming. AND 
gates with all inputs connected are permanently LOW 
while OR gates with all inputs connected are perma- 
nently HIGH. A disconnected fuse floats to a logic one in 
the AND array and a zero in the OR array. AND gates 
with all inputs disconnected are permanently HIGH 
while OR gates with all inputs disconnected are perma- 
nently LOW. 
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LOGIC DIAGRAM 


Product Terms 


16 
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1. All AND gate inputs with a programmed fuse float to a Jogic "1" 
2. All OR gate inputs with a programmed fuse ficat to a logic "0" 


NOTES 


12149-020A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) 
Power. Applied -55°C to +125°C Operating in Free Air 0°C to +75°C 
Supply Voltage with Respect Supply Voltage (Vcc) with 
to Ground -0.5 V to +7.0 V Respect to Ground +4.75 V to +5.25 V 
DC | Vol -1. V 5V 

enpulvoltage phi ccies Operating Ranges define those limits between which the func- 
DC Output or /O Pin tionality of the device is guaranteed. 
Voltage -0.5 V to Vcc +0.5V 
Static Discharge Voltage 2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 





DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 


specitied 
Parameter | 
sai Test Conditions 
Output HIGH Voltage lon = -3.2 MA Vin = Vinor Vit, 


Voc = Min. 


Output LOW Voltage loo =16MA  Vin= Vin Or Vit, 
Vec = Min. 
Input HIGH Voltage _ Guaranteed Input Logical HIGH 
Voltage for all Inputs ( (Note 1) 
Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 





Parameter Description 








Do | 
aN 


_Input Clamp Voltage lin =—-18 MA, Vcc = Min. 
_ Input HIGH Current _Vin= 2.7 V, Voc = Max. (Note 2) 2) 


_|nput LOW Current VIN = 0.4 V, Vcc = Max. (Note 2) 
Maximum Input Current Vin= 55V, Vcc = Max. 


oz Off-State Output Leakage Vout = 2.7 V, Voc‘ = Max., 
Current HIGH Vin = V,, or Vin (Note 2) 
isn. Off-State Output Leakage | Vout = 0.4 V, Vcc = Max., 
| Current LOW Vin = V,, Or Vin (Note 2) 
Output Short—Gircuit Vout = 0.5 V, Vcc = Max. (Note 3) 
_ Current 
Supply Current Miz 0 v, Outputs Open 
(lout = 0 mA), Voc = Max. 


Notes: 
1. These are absolute values with respect to the device ground and all overshoots due to system and/or tester noise are included. 


-250 





nN BP un = ro) | ro) 
nm o oO = or 


BECCA EREGn 





2. W/O pin leakage is the worst case of I, and lozt (or liq and loz). 


3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 


| Parameter 
Symbol Parameter Description Test Conditions Typ. |- 
Cin | Input Capacitance Vin= 2.0 V Voc = 5.0 V, 5 
Ta = +25°C, | 
Court Output Capacitance Vout = 2.0 V 


f= 1 MHz 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 




























SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 


Parameter 
| Symbol | Parameter Description 


Input or Feedback to Combinatorial Output — | Fd 
Setup Time from Input or Feedback to Clock | Without Complement Array 15 


tsc Setup Time from Input or Feedback to Clock | With Complement Array 
| | (Note 3) | 


Setup Time from Input to Clock (Input Register) 


Hold Time 


| Hoid Time (Input Register) 


tco Clock to Output 


tcr Clock to Feedback (Note 4) 


nx 

0 | 

= 

a ae 

t___| Clock'to input input Registe 
| 20 | 

[20 | 

10 | 






























| Asynchronous initialize to Registered Output 












Asynchronous Initialize Width 





Asynchronous Initialize Recovery Time — = ; 
| Clock Width Mehl 
? jock Wi _ 3 
AIG 10 
External Feedback | Without | tg + tee) | 
Wt, + tee) | 


Internal Feedback | Array 


External Feedback | With tse + teo) MHz 
: : Complement — 2 | | 
Array _ 


__| internal Feedback [Meer te) | 285] | 
Input to Output Enable | | | | 20 | ns | 


Input to Output Disable 


: 























| Maximum 
Frequency 
(Note 5) 






fmMaxc 














Notes: 

2. See Switching Test Circuit for test conditions. 
3. Add 15 ns to any path for complement array. 
4. Calculated from measured fray internal. 
5 


. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 


Input or : AL : — 


tpp ts] —P ie tH 
Combinatorial —_ 
Output Vt Clock Vr 
12015-010A | | le toy 
Combinatorial Output Registered . en YYYX ‘ 
Input pummemmcmemeey AVA 494, 
Input or 12149-024A 
Feedback Registered Input 
(without 
Complement 
Array) input or 
Feedback (with 
Clock Complement 





Array) 


Registered 












Output VT Clock 
12015-012A 
Registered Output without Complement Array Registered 
Output 
12149-023A 
Registered Output (with Compiement Array) 
1S Ce 
CLK 
Clock VT : 
Wp ee ta ge ee gt ee get Re oe ee Sad wore "| 
| | 
12149-0254 { | 
| : 
Clock to Feedback (fax Internal) | REGISTER -— | 
See Path at Right | | 
| | 
: | 
{WH ode a ee ee | 
Clock Vt 12015-021A 
tWe 
12015-011A 
Clock Width Input 
Input cea b. = 
: Registered yee 
Output VAAIY 
Output 
Clock 
12015-013A . : 
i 12149-028 
BIpu Ete Cutpul Risabieleneble Asynchronous Initialization 
Notes: 
1.69Vr=1.5V 


2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care; 
Any Change 
Permitted 


Does Not 
Apply 





OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from Lto H 


Changing, 
State 
Unknown 


Center 

Line is High- 
impedance 
“Off” State 


KS000010-PAL 


SWITCHING TEST CIRCUIT 


5V 


Ry 






Output ©) Test Point 


12351-032A 


sy 
300 2 


— H-3Z:Von-0.5VC 
| L>Z: Vo. +05 V 
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Specification | _Switch S; 


| tea ~ Z-+H: Open 






50 pF 







Z -—> L: Closed 


L—»Z:Closed | 


PLS30S16-40 














INPUT/OUTPUT EQUIVALENT SCHEMATICS 





Typical Input Typical Output 
40Q NOM 
9 Output 
= 12350-020A 
Program/Verify Input, | Program/Verify/ 
Circuitry vO Test Circuitry 
Pins 
Preload 
Circuitry 
— 12721-008A 
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REGISTER PRELOAD 


The Preload function allows the registers to be loaded 
fromthe output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
States. The procedure for preloading follows. 


1 
2: 
3. 









| Parameter | 
Ae Symbol 


| VccH | 


Raise Vcc to 5.0V+0.5 V. 
Raise pin 2 to Vin (11 V) to disable outputs. 


Apply the desired value (Vitp/Vinp) to outputs. 
Note that a preloaded HIGH will set the flip-flop 
HIGH. 








VHH 


OR1—ORa 
Qi-Q4 


IRi-IRq 


Pin 2 


Pin 1 
(CLK a) 


Pin 4 
(CLK gp) 





Registered 
Outputs 


th Ai > th nel get tb Pre D 


PLS30S16-40 


| | See | V ILP 
f t _ t : | , ft t | 


oO ON OO 


Parameter Description | | 


5 [5 
[Delyiime tt 





aD 


Preload Waveform 


Pulse the appropriate pin (pin 1 or 4) from Vicp to Vinp 
to Vitp. 


; Repeat steps 3 and 4 for second set of flip-flops. 
. Remove Vitp/Vinp from all outputs. 
. Lower pin 2 to Vip. 


. Enable outputs per programmed pattern. 


Verify for Voi/Vou at all output pins. 





12149-032A 
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REGISTER OBSERVABILITY 

The Observability function allows the registers to be 
viewed at the output pins. This feature aids functional 
testing of sequential designs by allowing direct observa- 
tion of register states. 

During observability, pins 1 and 4 (the clock pins) should 
remain LOW. If either pin goes HIGH, the registers will 
be clocked and the previous data may be lost. As long as 
these pins remain LOW and asynchronous initialization 
is not asserted, the data in the registers will not change 
during Observability. Note that when register data is 


| Parameter | 
Symbol 
| Va 


|_RegistertoObserve 
-aVo-aV0, 

0, 
DGG SSC*dSCOR OR _| 









Low-level input voltage _ 
High-level input voltage 








Data Output | 
VO.-VOs | 







H 





Pin 21 


Outputs 


Parameter Description 


Super-level input voltage 










sent to pins 1/O;—I/Ox, the data will also affect the pin 
feedback. Care must be taken that this does not assert 
asynchronous initialization. 


The procedure for observability follows. 


1. Raise pin 21 to Vu (11 V), or assert Observability 
term OBS per programmed pattern. 


2. Register values will be sent to appropriate outputs. 


3. Lower pin 21 or remove OBS term. 







Supervoltage Observability 


Input asserting 


ViHP 

BS t x X | 
oo ViLP 
Vou 
VoL 


Product Term Observability 


VHH 

ViLP 

VoH 

Voi 
12149-033A 
12149-034A 
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Am29CPL151H-25/33 


CMOS 64-Word Field-Programmable Controller (FPC) 


DISTINCTIVE CHARACTERISTICS 
Implements complex state machines 


H High-speed, low-power CMOS EPROM 
technology 


@ Functionally equivalent to the bipolar 
Am29PL141 


@ Seven conditional inputs (each can be 
registered as a programmable option), 
16 outputs 


GENERAL DESCRIPTION 


The Am29CPL151 is a CMOS, single-chip Field Pro- 
grammable Controller (FPC). It allows implementation 
of complex state machines and controllers by program- 
ming the appropriate sequence of instructions. Jumps, 
loops, and subroutine calls, conditionally executed 
based on the test inputs, provide the designer with pow- 
erful control flow primitives. 


intelligent control may be distributed throughout the sys- 
tem by using FPCs to control various self-contained 
functional units, such as register file/ALU, |/O, interrupt, 
diagnostic, and bus control units. An address sequen- 
cer, the heart of the FPC, provides the address to an in- 
ternal 64-word by 32-bit EPROM. 


SIMPLIFIED BLOCK DIAGRAM 














SKINNYDIP and SSR are registered trademarks of Advanced Micro Devices, Inc. 





COM’L: -25/33 MIL: -25 


T [5:0], CC 
RESET 


: input Registers * 





Address 
Sequencer 


clk 


e 


Pipeline Register <j 


cr 


Advanced 
Micro 
Devices 


Up to 33-MHz maximum frequency 
64-word by 32-bit CMOS EPROM 


Space-saving 28-pin OTP plastic SKINNYDIPe 


and PLCC packages and windowed ceramic 
SKINNYDIP package 


@ 29 instructions 
— Conditional branching, conditional looping, 
conditional subroutine call, multiway branch 


The Am29CPL151 is functionally equivalent to the 
Am29PL141 but is manufactured in CMOS technology 
and offers a space-saving 300-mil SKINNYDIP pack- 
age. A pin-compatible larger FPC is offered as the 
Am29CPL154 with a deeper 512 x 36 memory and 
added flexibility. 


This UV-erasable and reprogrammable device utilizes 
proven floating-gate CMOS EPROM technology to en- 
sure high reliability, easy programming, and better than 
99.9% programming yields. The Am29CPL151 is of- 
fered in both windowed and One-Time Programmable 
(OTP) packages. OTP plastic SKINNYDIP and PLCC 
devices are ideal for volume production. 








MODE 


eats og 
G———_ IN 
~ DCLK 






CLK 


P[15:0] 10135-001B 


Publication #4 10135 Rev. D Amendment /0 
Issue Date: November 1989 
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CONNECTION DIAGRAMS 











Top View 
SKINNYDIP 
zenospo[_]1® \74 98 [_] vec 
Proyafo)|__} 2 07 |_| cLK 


prayartiL | 3 26 |_| ccvspI 
PyaZiL_| 4 25 |_| Tio] 
PISVAt3] |_| 24] 111] 
PIVAl4} |_| 23 |_| Tr] 
PISVA[S]| | 221 | T3] 
P[6yMODE[ _| o1 |] 114] 
P[7/DCLK}| _| 20{__| TI5} 
P[s}} | 19] | RESET 
Pio}| | 18 |__| P[t5] 
Ptio) |_| 17 [|_] P14) 
Pi} L_ 16 |_] P13] 
enp [_| Y | Piz] 


Note: 
Pin 1 is marked for orientation. 


LOGIC SYMBOLS 


Normal Configuration 


P[OV/A[O] 
P[1VAl1] 
PI2VAI2] | 





10135-004A 
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PLCC/LCC 


-] CC/SDI 





10135-003B 


SSR° Diagnostics Configuration 





10135-005A 


ORDERING INFORMATION 
Commercial Products 


AMD products for commercial applications are available with severai ordering options. The order number (Valid Combination) 
is formed by a combination of: . Device Number 


i) 


b. Power 

c. Speed 

d. Package Type 

e. Operating Conditions 
f. Optional Processing 


Am29CPL151 H -33 D C 


OPTIONAL PROCESSING 
Blank = Standard Processing 


e. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 


d. PACKAGE TYPE 
P = 28-Pin 300-mil Plastic 
SKINNYDIP (PD3028) 
D = 28-Pin 300-mil Windowed 
Ceramic SKINNYDIP (CDE028) 


J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 
c. SPEED 





-33 = 33 MHz fuax 
-25 = 25 MHz fmax 


b. POWER 
H = Half Watt (115 mA Icc) 


a. DEVICE NUMBER 
Am29CPL151 
CMOS 64-Word Field Programmable Controller (FPC) 


Valid Combinations 


|_Am29CPL151H-33 epee 
Am29CPL151H-25 | | 






Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 










Note: Marked with AMD logo. 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available with several ordering options. APL (Approved Prod- 
ucts List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) is formed by 


a combination of: 


Am29CPL151 H -25 /B 


a. DEVICE NUMBER 
Am29CPL151 


CMOS 64-Word Field Programmable Controller (FPC) 


Valid Combinations 
Am29CPL151H-25 | —_/BXA, /B3A 
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Device Number 
Power 

Speed 

Device Class 
Package Type 
Lead Finish 


mono op 


> 


9 


LEAD FINISH 
A = Hot Solder Dip 


PACKAGE TYPE 

X = 28-Pin 300-mil Windowed 
Ceramic SKINNYDIP (CDE028) 

3 = 28-Pin Windowed Ceramic 
Leadiess Chip Carrier (CLV 028) 


DEVICE CLASS 
/B= Class B 


SPEED 
-25 = 25 MHz fmax 


POWER 
H = Half Watt (130 mA Icc) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm avail- 
ability of specific valid combinations, and to check on 
newly released combinations. 


Note: Marked with AMD logo. 


Group A Tests 


Group A tests consists of Subgroups 1, 2, 3, 7, 8, 
9, 10, 11. 


Am29CPL151 


PIN DESCRIPTION 


CC [SDI] 
Optionally Registered Condition Code Test Input 


When the TEST (P[24:22]) field of the executing instruc- 
tion is set to 6 (binary 110), CC is selected to be the con- 
ditional input. In SSR diagnostic configuration, CC is 
also the Serial Data Input (SDI). An EPROM bit associ- 
ated with this input may be programmed to make this in- 
put a registered input. The default state of this input is 
unregistered. 


CLK 
Clock Input 


The rising edge of the clock latches the program 
counter, count register (CREG), subroutine register 
(SREG), pipeline register, and EQ flag. The rising edge 
of the clock also latches the test input registers, CC reg- 
ister, and the RESET register if their respective configu- 
ration bits are set to enable internal synchronizing regis- 
ters. 


P[15:8] 
Outputs 


The upper eight general-purpose control outputs are en- 
abled by the OE signal from the pipeline register. When 
OE is HIGH, P[15:8] are enabled, and when LOW, 
P[15:8] are disabled. 


P[7:6], P[5:0]/A[5:0] [DCLK, MODE] 
Outputs 


The lower eight general-purpose control outputs are 
permanently enabled. In the SSR diagnostic configura- 
tion, P[7] becomes the diagnostic clock input DCLK and 
P[6] becomes the diagnostic control input MODE. In ex- 
pand mode (when the EXP bit is programmed) bits 
P[5:0] become the Program Memory address outputs 
A[(5:0]. 





Am29CPL151 


RESET 
Optionally Registered Reset Input; Active LOW 


When the reset input is LOW, the output of the PC MUX 
is forced to the uppermost program address (63). Onthe 
next rising edge of the clock, this address (63) is loaded 
into the program counter; the instruction at location 63 is 
loaded into the pipeline register, and the EQ flag is 
cleared. A programmable configuration bit allows the 
option of making this a registered input. If RESET is inter- 
nally registered, the first rising edge of the clock latches 
it. On the next rising edge of the clock, the EQ flip-flop is 
cleared and the contents of memory location 63 are 
loaded into the pipeline register. The default state of this 
input is unregistered. 


T[5:0] | 
Optionally Registered Test Inputs 


In conditional instructions, the TEST inputs can be used 
as individual condition codes selected by the TEST field 
in the pipeline register. The T[5:0] inputs can also be 
used as a branch address when performing a program 
branch or as acount value to be loaded into the CREG. 
Each of these inputs has an EPROM bit associated with 
it. This bit may be programmed such that the corre- 
sponding input becomes a registered input. The default 
state of these inputs is unregistered. 


ZERO [SDO] 

Zero Output; Active LOW 

A LOW state on the ZERO output indicates that the 
CREG value is zero. In the SSR diagnostic configura- 
tion, ZERO becomes the Serial Data Output (SDO). This 
change is only on the output pin; internally, the zero-de- 
tect function is unchanged. 





3-67 













| Address ee 

| Control Logic \ 
Decrementer 
| (CREG-1) 


Internal 
Reset 


1S Program | 
Counter (PC) { 

















a || Incrementer 1] 
Ua ie (PC + 1) 
T[5:0} M “a 
—— To U | 
i | [Zero | 1 
| Branch Control |} [|_Detect_] | 
em Logic (GOTO) | i 





| Flip-Flop | 
Condition Code L- EQ 


Select Logic 


lactucion 
Decode Logic 






ZERO" SDI" DCLK* P[15:8] P[7:6]"" P[5:0)/A[5:0] 
Outputs 


10135-006B 


“These pins available only in SSR mode. 
*“ These pins available only in normal mode. 


*"" Each of the T[5:0], RESET, and CC inputs can be individually registered or left unregistered as a programmable option. 


10135-006B 
Figure 1. Am29CPL151 Detailed Block Diagram 
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FUNCTIONAL DESCRIPTION 


Figure 1, the detailed block diagram of the 
Am29CPL151, shows logic blocks and interconnecting 
buses that permit parallel performance of different op- 
erations in a single instruction. The FPC consists of four 
main logic blocks: the program memory, address control 
logic, condition code selection logic, and instruction de- 
code. A fifth optional block is the Serial Shadow Register 
(SSR). 


The program memory contains the user-defined instruc- 
tion flow and output sequence. The address control 
logic addresses the program memory. This control logic 
supports high-level instruction functions including con- 
ditional branches, subroutine calls and returns, loops, 
and multiway branches. The condition code selection 
logic selects the condition code input to be tested when 
a conditional instruction is executed. The polarity of the 
selected condition code input is controlled by the POL 
bit in the microword. The instruction decode generates 
the control signals necessary to perform the instruction 
specified by the instruction part (P[31:16]) of the 
microword. The SSR enables in-system testing to iso- 
late problems down to the IC level. 


Program Memory 


The FPC program memory is a 64-word by 32-bit 
EPROM with a 32-bit pipeline register at its output. The 








CLK 


m29CPL151.__—sk 


A 
sik | 
P[15:6] __ P{5:0//A[5:0] 


upper 16 bits (P[31:16]) of the pipeline register are inter- 
nal to the FPC and form the instruction to control ad- 
dress sequencing. The format for instructions is: a one- 
bit synchronous Output Enable OE, a five-bit OPCODE, 
a one-bit test polarity select POL, a three-bit TEST con- 
dition select field, and a six-bit immediate DATA field. 
The DATA field is used to provide branch addresses, 
test input masks, and counter values. 


The lower 16 bits (P[15:0]) of the pipeline register are 
brought out as user-defined, general-purpose control 
outputs. The upper eight control outputs (P[15:8]) are 
disabled when OE is programmed as a LOW. The lower 
eight control bits (P[7:0]) are always enabled. Outputs 
P[5:0] will contain the next instruction address when the 
optional EXP EPROM cell is programmed. 


Controlling External PROM 


By programming the EXP bit, PC MUX is output over 
pins P[5:0}/A[5:0]. This feature can be used to extend 
the width of the output control word when external regis- 
tered memories are used. In the diagram below, the 
Am29CPL151 controls external registered PROMs to 
provide an output control word (10 + N) bits wide (where 
N is the bit width of the PROMs). 








; | Registered 
PROM 


| Vv 


10135-038B 


Figure 2. Controlling External PROM 





Am29CPL151 


3-69 





Address Control Logic 


The address control logic consists of five smaller logic 
blocks. These are: 


PC MUX -—-Program counter multiplexer 

PCNTR -—-—Program counter (PC) and incrementer 
(PC + 1) 

SUBREG -Subroutine register (SREG) with subrou- 
tine mux (S MUX) 

CNTR —Count register (CREG) with counter mux 
(C MUX), decrementer (CREG-—1), and 
zero detect 

GOTO —Specialized branch control logic 


The PC MUX is a six-bit, four-to-one multiplexer. It se- 
lects either the PC, PC + 1, SREG, or GOTO output as 
the next microaddress input to the Program Memory 
and to the PC. The PC thus always contains the address 
of the instruction in the pipeline register. During a Reset, 
the PC MUX output is forced to all ones, selecting loca- 
tion 63 from Program Memory. 


The P CNTR block consists of a six-bit register (PC) 
driving a six-bit combinatorial incrementer (PC + 1). 
Either the present or the incremented values of PC can 
address the Program Memory. The incremented value 
of PC can be saved as a Subroutine return address. The 
present PC value can address the Program Memory 
when waiting for a condition to become valid. PC + 1 ad- 
dresses the Program Memory for sequential program 
flow, for unconditional instructions, and as a default for 
conditional instructions. 


The SUBREG block consists of a six-bit, three-to-one 
multiplexer (S MUX) driving a six-bit register (SREG). 
The three possible SREG inputs are PC + 1, CREG, and 
SREG. SREG normally operates as a one-deep stack to 
save subroutine return addresses. PC + 1 is the input 
source when performing subroutine calls, and PC MUX 
is the output destination when performing return from 
subroutine. 


The CNTR block consists of a six-bit, four-to-one multi- 
plexer (C MUX), driving a six-bit register (CREG); a six- 
bit combinatorial decrementer (CREG-1); and a zero- 
detection circuit. The CNTR logic block is typically used 
for timing functions and iterative loop counting. 


The SUBREG and CNTR can be considered as one 
logic block because of their unique interaction. Both 
have the other as an additional input source and output 
destination. The CREG can therefore be an additional 
stack location when not used for counting, and the 
SREG can be a nested-count location when not used as 
a stack location. Thus the SREG and CREG can oper- 
ate in three different modes: 


1. AS a separate one-deep stack and counter 
2. AS a two-deep stack 
3. AS a two-deep nested counter 


The GOTO logic block serves three functions: 


1. It provides a six-bit count value from the DATA field 
in the pipeline register (P[21:16]) or from the TEST 
inputs T[5:0] masked by the DATA field P[21:16]. 
This is represented by T*M. 


2. It provides a branch address from the DATA field in 
the pipeline register P[21:16] or from the TEST in- 
puts T[5:0] masked by the DATA field P[21:16]. This 
is represented by T*M. 


3. It compares T[5:0] masked by the MASK field 
P[21:16], called T*M, to the CONSTANT field from 
the pipeline register P[27:22]. If a match occurs, the 
EQ flip-flop is set. EQ remains unchanged if there is 
no match. Constant field bits that correspond to 
masked test bits must be zero. 


The EQ flag can be tested by the condition code selec- 
tion logic. Multiple tests of any group of T inputs in a 
manner analogous to sum-of-products can be per- 
formed since a no-match comparison does not reset the 
EQ flag. Any conditional branch on EQ will reset the EQ 
flag. Conditional returns on EQ will not change the EQ 
flag. RESET input LOW will reset the EQ flag. 





Note: A zero in the MASK field blocks the corresponding 
bit in the TEST field; a one activates the corresponding 
bit. 


The constant field bits that correspond to masked test 
field bits must be zero. A zero is substituted for masked 
test field bits. The “POL” bit is a “don’t care” when using 
test inputs to load registers. 


Note that when the inputs are internally registered (pro- 
grammable option) they must meet the register setup 
time on the cycle preceding the one in which they are to 
be used. 


Condition Code Selection Logic 


The condition code selection logic consists of an eight- 
to-one multiplexer. The eight test condition inputs are 
the device inputs CC, T[5:0], andthe EQ flag. The TEST 
field P[24:22] selects one of the eight conditions to test. 


The polarity bit POL in the instruction allows the user to 
test for either a pass or fail condition. Refer to table1 for 
details. 


Note that when the inputs are internally registered (pro- 
grammable option) they must meet the register setup 
time on the cycle preceding the one in which they are to 
be used. 


Instruction Decode 


The instruction decoder is a PLA that generates the con- 
trol for 29 different instructions. The decoder inputs in- 
clude the OPCODE field P[30:26], the zero detection 
output from the CNTR, and the selected test condition 
code from the condition code selection logic. 
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Operational Modes 


The Am29CPL151 operates as a six-bit microcontroller 
in normal mode, and there are several configuration bits 
that can be programmed to modify this normal opera- 
tion. The EXP bit allows the six program address lines 
fromthe PC MUX to be output on the lower six bits of the 
output pins (P[5:0]) so that a user can expand the width 
of the control lines by using external registered memo- 


ries. The SSR bit allows on-chip diagnostic capabilities 
for in-system testing. The remaining bits serve to indi- 
vidually select whether the input pins will be un- 
synchronized or not. The default setting of these bits 
(unprogrammed,1) will cause each pin to be un- 
synchronized, and so programming a given bit (to 0) will 
cause that corresponding input to become internally 
synchronized. 


Am29CPL151 General Instruction Format 





31 30 26 25 24 822 21 16 15 0 
USER-DEFINED 
| oF | | opcone | I POL | | rest | [ para | | OUTPUTS ] 
WHERE: 10135-007B 
OE = Synchronous Output Enable for P{15:8]. 
OPCODE~ = A five-bit opcode field for selecting one of the 28 single-data-field instructions. 
POL = A one-bit test condition polarity select (refer to table 1). 
TEST = A three-bit test condition select. 
TEST[24:22] UNDER TEST 
000 T [0] 
001 T [1] 
010 T [2] 
011 T [3] 
100 T [4] 
101 T [5] 
110 CC 
111 EQ 
DATA = A six-bit conditional branch address, test input mask, or counter value field designated as 
PL in instruction mnemonics. 
Table 1 
Am29CPL151 Comparison Instruction Format 
31 30 28 27 22 21 16 15 0 
USER-DEFINED 
| oc | | oPcove | | CONSTANT] | mask | | OUTPUTS ] 
10135-008B 
WHERE: 
OE = Synchronous Output Enable for P[15:8]. 
OPCODE = Compare instruction (binary 100). 
CONSTANT = A six-bit constant for equal-to comparison with T“M. 
MASK = A six-bit mask field for masking the incoming T[5:0] inputs. 
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Am29CPL151 INSTRUCTION SET DEFINITION 


@ = Other instruction 
© = instruction being described 


© = Register in part 


Opcode Mnemonic 


19 GOTOPL 
0B GOTOPLZ 

OF GOTOTM 
18 FORK 
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Description 


IF (cond) THEN GOTO 

PL (data) 

Conditional branch to the 
address in the PL (DATA field). 
The EQ flag will be reset if the 
test field selects it and the 
condition passes. 


IF (CREG = 0) THEN 

GOTO PL (data) 

Conditional branch to the 
address in the PL (DATA field) 
when CREG is equal to zero. 
This instruction does not depend 
on the pass/fail condition. The 
EQ flag will be reset if the test 
field selects it and the CREG is 
equal to zero. 


IF (cond) THEN GOTO 

TM (data) 

Conditional branch to the address 
defined by the T*M (T[5:0] under 
bitwise mask from the DATA field). 
This instruction is intended for 
multiway branches. The EQ flag 
will be reset if the test field selects 
it and the condition passes. 


IF (cond) THEN GOTO PL (data) 
ELSE GOTO (SREG) 

Conditional branch to the address 
in the PL (DATA field) or the - 
SREG. A branch to PL is taken if 
the condition is true and a branch 
to SREG if false. The EQ flag will 
be reset if the test field selects it 
and the condition passes. 


Am29CPL151 


Execution Example 








P = Test Pass 
F = Test Fail 
X,Y are arbitrary values in the CREG or SREG 


Register Transfer 
Description 


If (cond = true) Then 
PC = PL(data) 
Else 
PC =PC +1 


10135-009A 
lf (CREG = 0) Then 


PC = PL(data) 


T PL (DATA) 
wy CREG +0 





10135-010A 


If (cond = true) Then 
PC =T*M 

Else 
PC =PC+1 


10135-011A 


If (cond = true) Then 
PC = PL(data) 
Else 
PC = SREG 


30 ¥ 





PL (DATA) 40] 5 







419 
10135-012A 


Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 


Register Transfer 
Opcode Mnemonic Description Execution Example Description 


1©C CALPL _IF (cond) THEN CALL PL (data) If (cond = true) Then 










Conditional jump to subroutine SREG SREG = PC + 1 
at the address in the PL (DATA 30 PC+1 PC = PL(data) 
field). The PC + 1 is pushed into F 2sF Omb a PCH cic 


the SREG as the return address. 

The EQ flag will be reset if the 

test field selects it and the 31 
condition passes. 32 


sues PC =PC+1 
2°” PL(DATA) 


33 42 
10135-013A 
1D CALPLN _ IF (cond) THEN CALL PL (data), If (cond = true) Then 
NESTED SREG CREG = SREG 
Conditional jump to subroutine 30 ()<— PCH SREG= PC 1 
at the address in the PL (DATA .° ee PC = PL(data) 
field) nested. The SREG and Else 
CREG are treated as a two-deep a1 PC =PC+1 
stack, the PC + 1 is pushed into 32 CREG  SREG 
the SREG as the return address, PC4+4 
and the previous SREG value is F Pad 32 


transferred into the CREG as a 33 
nested return address. The EQ 
flag will be reset of the test field 
selects it and the condition passes. 


43 
f°” PL (DATA) 3 


22 10135-014A 





1E CALTM IF (cond) THEN CALL TM (data) 
Conditional jump to subroutine at SREG = PC + 1 
the address specified by the T*M PC =T"M 
(T[5:0] under bitwise mask from SREG Else 


If (cond = true) Then 





the DATA field). The PC + 1 is 32 PC+ PC =PC+1 
pushed into the SREG as the 
return address. The EQ flag will 
be reset if the test field selects it 
and the condition passes. 
10135-015A 


1F | CALTMN IF (cond) THEN CALL TM (data), If (cond = true) Then 






ae r ar : CREG = SREG 
onditional jump to subroutine 30 $ O < SREG = PC +1 

at the address specified by the T*M | ? 32 oe PC=T"'M 

(T[5:0] under bitwise mask from the vy Else 

DATA field) nested. The PC + 1 31 PC =PC41 

is pushed into the SREG as the 

return address, and the previous 32 4 COL ae or 

SREG value is transferred into ww ? © ne 43 a3 


the CREG as a nested return ; 
address. The EQ flag will be 33 
reset of the test field selects it 
and the condition passes. 


52  10135-016A 
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Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 


Opcode Mnemonic Description 





Register Transfer 


Execution Example Description 





04 LDPL IF (cond) THEN LOAD PL (data) if (cond = true) Then 
Conditional load the CREG from 30 CREG = PL(data) 
the PL (DATA field). PC =PC+1 

Else 
31 CREG PC = PC +1 
F : _f aes PL(DATA) 
32 (ey 
P 
33 
10135-017A 

05 LDPLN IF (cond) THEN LOAD PL (data), if ial = true) Then 
NESTED 30 G = CREG 
Conditional load the CREG from CREG = PL(data) 
the PL (DATA field) nested. The PC =PC+1 
CREG and SREG are treated as 31 SREG CREG Else 
a two-deep nested count register, PC =PC+1 
the previous CREG value is .° Ont One PLIDATA) 
pushed into the SREG as a se" 
nested count, and the CREG is 32 
loaded from PL. 

33 é 
10135-018A 

06 LDTM IF (cond) THEN LOAD TM (data) If (cond = true) Then 
Conditional load the CREG from 30 CREG = T*M 
the T*M (1[5:0] inputs under bit- PC =PC+1 
wise mask from the DATA field). Else 

PC =PC+1 
31 CREG : 
C)— TM 
ver Xx 
32 : 
33 
10135-019A 

07 LDTMN IF (cond) THEN LOAD TM (data) If (cond = true) Then 
NESTED 30 SREG = CREG 
Conditional load the CREG from CREG = T*M 
the T*M (T[5:0] inputs under bit- PC =PC+1 
wise mask from the DATA field) 31 
nested. The SREG and CREG ica 
are treated as a two-deep nested 7 .° O«~O<— TM 
count register, the previous CREG a 
value is transferred into the 32 7 
SREG, and the CREG is loaded P 
from T*M. 

33 
10135-020A 
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Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 


Register Transfer 


Opcode Mnemonic Description Execution Example Description 
15 PSH IF (cond) THEN PUSH If (cond = true) Then 
Conditional push the PC + 1 SREG = PC + 1 
into the SREG. PC =PC +1 
Else 
PC =PC +1 











10135-021A 
17 PSHN IF (cond) THEN PUSH, If (cond = true) Then 
NESTED CREG = SREG 
Conditional push the PC + 1 SREG = PC +1 
into the SREG nested. This PC =PC+1 
microinstruction treats the F Else 
SREG and CREG as a two- , PC =PC+1 
deep stack, PC + 1 is pushed 33 a a a ae 
into SREG, and the previous Opes, Oa. X Ot 39 PC+1 
value in SREG is transferred WP 
into the CREG. 
10135-022A 
14 PSHPL IF (cond) THEN PUSH, LOAD If (cond = true) Then 
PL (data) CREG = PL(data) 
Conditional push the PC + 1 SREG SREG = PC + 1 
into the SREG and load the Owe PCs1 PC =PC+1 
CREG from the PL (DATA field). | F .? 32 °° Else 
aa CREG PC =PC+1 
- - - - (\— PL (DATA) 
p Xx 
10135-023A 
16 PSHTM IF (cond) THEN PUSH, LOAD If (cond = true) Then 
TM (data) CREG = T*M 
Conditional push the PC + 1 SREG SREG = PC + 1 
into the SREG and load the O x PC+1 PC =PC+1 
CREG from the T*M (T[5:0] under . 32 Else 
bitwise mask from the DATA field). set PC =PC+1 
.? CREG 
----Out— TM 
X 
10135-024A 
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Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 








Register Transfer 















Opcode Mnemonic Description Execution Example Description 
02 RET IF (cond) THEN RET SREG If (cond = true) Then 
Conditional return from sub- _ Cee PCH PC = SREG 
routine. The SREG provides -° 32 Else 
the return from subroutine PC=PC+1 
address. 
10135-025A 
03 RETN IF (cond) THEN RET, If (cond = true) Then 
NESTED SREG PC = SREG 
Conditional return from nested 30 ¢ ae Carr PC+1 SREG = CREG 
subroutine. This instruction treats - Else 
the SREG and CREG as a two- wy CREG SREG PC =PC+1 
deep stack providing the SREG 31 PC+1 
value as a return address, and oe 32 42 
the CREG value as a nested 92 « —_ 
return address that is transferred Te 1 
into the SREG. A 
33 51 (o) 
\W  oSREG CREG 
52 P se 
10135-026A 
00 RETPL IF (cond) THEN RET, LOAD SREG If (cond = true) Then 
PL (data) OC=e CREG = PL(data) 
Conditional return from sub- Set 32 oe PC = SREG 
routine and load the CREG Else 
from the PL (DATA field). PC =PC+1 
The SREG provides the 
return from subroutine 
address. 
CREG 
Ye} - -- Owty PL (DATA) 
10135-027A 
01 RETPLN _ IF (cond) THEN RET NESTED, If (cond = true) Then 
LOAD PL (data) 5 SREG PC = SREG 
Conditional return from nested 30 ¢ _ Cys PCH SREG = CREG 
subroutine and load the CREG a 32 CREG = PL(data) 
from the PL (DATA field). This | CREG SREG Else 
instruction treats the SREG and ss. 331 € PC41 PC =PC+1 
CREG as a two-deep stack pro- : 32 42 
viding the SREG value as a 92 e 
return address, and the CREG a: L 
value as a nested return address 7 
that is transferred into the SREG. 33 | 
PL (DATA) 


10135-028A 
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Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 


Register Transfer 


Opcode Mnemonic Description Execution Example Description 
09 DEC IF (cond) THEN DEC If (cond = true) Then 
Conditional decrement of 30 CREG = CREG -1 
the CREG. PC =PC+1 
Else 
31 2 PC =PC+1 
CREG DECREMENTER 
32(e) -- - 
Pp 
33 


10135-029A 


oc DECPL WHILE (CREG < > 0) WAIT 
ELSE LOAD PL (data) 
Conditional Hold until the counter 30 9 


CREG DECREMENTER 
While (CREG < > 0) 





is equal to zero, then load CREG oo CREG = CREG -1 
from the PL (DATA field). This Ps X PC =PC 
instruction is intended for timing 1 CREG+0 End While 


waveform generation. If the CREG | | CREG = PL(data) 
is not equal to zero, the same CREG-0 CREG PC =PC+1 
instruction is refetched while CREG 32 7 = C)e§—— PL (DATA) 

is decremented. Timing is complete Y 

when the CREG is equal to zero, 
causing the next instruction to be 
fetched and the CREG to be re- 
loaded from PL. This instruction 
does not depend on the pass/fail 





condition. 10135-030A 

0E DECTM WHILE (CREG < > 0) WAIT While (CREG < > 0) 
ELSE LOAD TM (data) CREG = CREG -1 
Conditional Hold until the counter PC=PC 
is equal to zero, then load CREG End While 
from the T"M (T[5:0] under bitwise CREG = T*M 


mask from the DATA field). This 
instruction is intended for timing 
waveform generation. If the CREG 
is not equal to zero, the same 
instruction is refetched while the ’ 4 
CREG is decremented. Timing is 34 of Pe ) 
complete when the CREG is T\ enee 
equal to zero, causing the next % 

instruction to be fetched and the 32 @CREG=0~- - - - O<— = TM 
CREG to be reloaded from T*M. 
This instruction does not depend 


PC =PC+ 1 
CREG DECREMENTER 





30 J . 


oe 
o 


- “ CREGZO 


on the pass/fail condition. eee 

1B DECGOPL If (cond) THEN GOTO PL (data) While (cond = false) 
ELSE WHILE (CREG < > 0) WAIT If (CREG <> 0) 
Conditional Hold/Count. The current CREG = CREG -1 
instruction will be refetched and the PC = PC 
CREG decremented until the condition Else 


under test becomes true or the PC =PC + 1 
counter is equal to zero. If the ) : End While 
condition becomes true, a branch ee eer PC = PL (data) 
to the address in the PL (DATA j 
field) is executed. If the counter 
becomes zero without the 





X 
condition becoming true, a ’ FE and CREG#0 
CONTINUE is executed. The 
EQ flag will be reset if the —¥ s PL (DATA) 
test field selects it and the . 
condition passes. 

10135-032A 
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Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 


Opcode Mnemonic 
1A WAIT 


Description 


IF (cond) THEN GOTO PL (data) 
ELSE WAIT 

Conditional Hold. The current 
instruction will be refetched and 
executed until the condition under 
test becomes true. When true, a 
branch to the address in the PL 
(DATA field) is executed. The EQ 
flag will be reset if the test field 
selects it and the condition 
passes. 


08 LPPL WHILE (CREG < > 0) LOOP 

TO PL (data) 

Conditional loop to the address 

in the PL (DATA field). This 
instruction is intended to be 
placed at the bottom of an 
iterative loop. If the CREG is 

not equal to zero, it is decre- 
mented (signifying completion 

of an iteration), and a branch 

to the PL (DATA field) (top of the 
loop) is executed. If the CREG is 
equal to zero, looping is complete 
and the next sequential instruction 
is executed. This instruction 

does not depend on the pass/fail 
condition. The EQ flag will be 
reset if the test field selects it 

and CREG is not equal to zero. 


OA LPPLN WHILE (CREG < > 0) LOOP 
TO PL (data) ELSE NEST 
Conditional loop to the address 
in the PL (DATA field) nested. 
The SREG and CREG are 
treated as a two-deep nested 
count register, and the instruction 
is intended to be placed at the 
bottom of an “inner-nested” 
iterative loop. If the CREG is 

not equal to zero, the CREG is 
decremented (signifying com- 
pletion of an iteration), and a 
branch to the PL (DATA field) 
(top of the inner loop) is executed. 
If the CREG is equal to zero, the 
inner loop is complete, and the 
count value for the outer loop is 
transferred from the SREG into 
the CREG. This instruction does 
not depend on the passAail 
condition. The EQ flag will be 
reset if the test field selects it 
and CREG is not equal to zero. 
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Register Transfer 
Description 


If (cond = true) Then 
* PC = PL (data) 


Execution Example 







10135-033A 





While (CREG < > 0) 
CREG = CREG -1 
PC = PL (data) 

End While 

PC =PC+1 





CREG DECREMENTER 


(e) CREG#0 € 


r PL (DATA) 






34 % CREG=0 


10135-034A 





While (CREG < > 0) 
CREG = CREG —1 
PC = PL(data) 

End While 

CREG = SREG 

PC =PC+1 


REMENTER 






34 ¥ CREG=0 


X 
~s. CREG SREG 


10135-035A 
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Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 


Opcode Mnemonic 


oD CONT 


10-13 CMP 
(100XX 
binary) 


Description 


CONTINUE 
The next sequential instruction 
is fetched unconditionally. 


CMP TM (mask) TO PL (constant) 
This instruction performs bitwise 
Exclusive-OR of T*M (T[5:0] under bit- 
wise mask from the MASK field) with 
CONSTANT (P[27:22]). If T"M equals 
CONSTANT, the EQ flag is set to 
one, which may be branched on ina 
following instruction. If not equal, the 
EQ flag is unaffected. This allows 
sequences of compares, in a manner 
analogous to sum-to-products, to be 
performed which can be followed 

by a single conditional branch if one 
or more of the comparisons are true. 
Note: The EQ flag is set to zero on 
reset or when EQ is selected as the 
test condition in a branch. Conditional 
returns on EQ leave the flag un- 
changed. Constant field bits that corre- 
spond to masked test field bits must 
be zero. This instruction does not 
depend on the pass/fail condition. 


Execution Example 





10135-036A 






8 


31 (e)T*M+CONST 
C) SET EQ FLAG 


Cd 
ge 
oo 
od 


32 © tM=CONST 


10135-037A 


Register Transfer 
Description 


PC= PC+1 


Compare T*M and 
CONSTANT 

EQ = ((T [5:0] .AND. 
MASK) 
.XXNOR. CONSTANT) 
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INSTHUCHON? BASED ON TEST CONDITIONS 





Condition Pass __ | Cc i Fail | 
Assembler | EQ PC | | EQ | 

Mnemonic! Statement CREG | FLAG | MUX CREG;| FLAG | N 

RETPL IF (cond) THEN RET, SREG Load NC | PC +1 “Hold Hold NC 
LOAD PL (data) PL | | | 


| RETPLN IF (cond) THEN RET SREG | Load | Load 
NESTED, LOAD PL | CREG | PL 
— ! 





code 


o 
oe 
@ 
77] 


So | 
U 
© 
+ 
x 
oO 
ah 
oe 
o 
Q. 
= 
QO 


ae) 
?) 
+ 

as 
2 
Q 
< 
= 
a. 
= 
© 


S) 
Ti 
_ 


F (cond) THENRET | SREG| Hold | Hold {| NC | 
03 | RETN IF (cond) THEN RET, | SREG| Load | Hold | NC | PC+1] Hold | Hold | NC 
| NESTED | CREG | 
a (cone) THEN LOAD | PC+1] Hold | Load | “NC 
L (data) PL 
DPLN . (cond) THEN LOAD | PC + 1| Load | Load | NC 
PL (data), NESTED CREG | PL | 
LDTM IF (cond) THEN LOAD | PC +1] Hold p _ NC [ PC+1] Hold | Hold | NC 
TM (data) | a ie ee | 
LDTMN | IF (cond) THEN LOAD lead) | Load | NC | 
M 
NC 


™ Sone ), NESTED 


Oo 


oO 80 
0} ~~ ~~ 8) 
R 8 
}O a 


Q.} 
= 


ay 


oF | GOTOTM | IF oo THEN Hold | Hold | Reset PC +1 | Hold | Hold | NC 
| GOTO TM (data) | 
SHPL IF (cond) THEN PUSH, | PC +1| PC+1 | Loa Geil | 
LOAD PL (data) P | | 
IF (cond) THEN PUSH | Hold | NC | PC+1] Hold | Hold | NC | 
SHTM _ | IF (cond) THEN PUSH, | PC +1[PC+1] Load | NC [| PC+1[ Hold | Hol 
[aAD uF (data) — | i 
IF (cond) THEN PUSH, | PC + 1 | hore a PC+1] Hold | Hold | NC 
| NESTED Ef 
IF (cond) THEN GOTO | Hold 7 lead SREG [| Hold Hold | 
PL (data) ELSE GOTO 
(SREG) i 
OTOPL | IF (cond) THEN GOTO _ Hold | Hold | Reset Hold a 


PL (data) 


WAIT IF (cond) THEN GOTO | PL Hold | Hold | Reset PC Hold Hold 
PL (data) ELSE WAIT | 


Ul 0 
W 
aL 


Q 
2 
8 


he 


= 
8 


za 
O 


nn “OU 
oO ” 
D © & 
A za 


oh 


ALPL IF (cond) THEN CALL 1PC+1 | Hold | Reset | PC+1] Hold 


= & 
o 
a 


= = z= 


} PL (data) 


ALPLN | IF (cond) THEN CALL PC+1 | Load [Reset] PC+1[| Hold | Hold | 
| PL (data), NESTED | SREG | | 


wah 


@ 


IF (cond) THEN CALL . 


nl ba nl 


?) O QO] 
> 
re 
— 
= 
=z 
©) 


|_TM (data) 
1F | CALTMN | IF (cond) THEN CALL Load | Reset Hold Ra 
TM (data), NESTED | SREG | | 
Key: PC = Program Counter Notes: 

SREG = Stack Register 1. If COND = EQ and condition PASSES, reset EQ flag. 

CREG = Counter Register 2. If COND = EQ and CREG <0, reset EQ flag. 

PL = Pipeline (data) Field 3. if COND = EQ and CREG = 0, reset EQ flag. 

TM (data) = Test Inputs Masked by DATA Field 4. Set EQ flag if CONST field = T*M. 

TM (mask) = Test Inputs Masked by MASK Field 

DEC = Decrement 

NC = No Change 
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.?) 


z 
.@) 






















INSTRUCTIONS DEPENDENT ON CREG 
LPPL WHILE (CREG <>0) | PC +1 Hoid NC PL | Hold DEC | Reset 
LOOP TO PL (data | | 
PC +1] Hold Load N PL Hold DEC j; Reset 2 
SREG 
oc | DECPL WHILE (CREG <>0) | PC +1] Hold Load NC PC Hold DEC 
WAIT ELSE LOAD PL 
PL (data) zz 
Op- | 
code| Mnemonic 


CREG =0 | CREG «0 | 
Op- Assembler PC EQ | PC | | | EQ 
| code} Mnemonic | Statement MUX | SREG | CREG| FLAG| MUX | SREG | CREG| FLAG | Notes 
LPPLN | WHILE (CREG <> 0) | | : 
LOOP TO PL (data), 
| ELSE NEST q | | | | 
GOTOPLZ | IF (CREG=0) THEN | PL | Hold | Hold | Reset| PC +1 | Hold | Hold | NC 3 
| | GOTO PL (data) _ | | . 
DECTM | WHILE(CREG<>0) |PC+1| Hold | Load} NC | PC | Hold | DEC | NC 
WAITELSE LOAD | T™ | | 
TM (data) | | | | 
INSTRUCTIONS DEPENDENT ON TEST CONDITION AND CREG VALUE 
Condition Pass | Condition Fail 
Assembler | CREG | PC EQ | PC | EQ 
Statement | Content} MUX | SREG |CREG | FLAG | MUX | SREG |CREG | FLAG 
IF (cond) | | 
Hold Hold | Reset 
1B | DECGOPL 3 : | — 
| C 






(CREG <> 0) | 
| WAIT _ 






ELSE WHILE 





| 
PL (data) | py = 1 | 





UNCONDITIONAL INSTRUCTIONS 












| ) ol — = a 7 a 
Assembler Statement SREG CREG | FLAG 
| op | CONT _| CONTINUE ft pc+i | Hols | Hos | nc | | 
10-13 
(Binary | CMP CMP TM (mask) TO PL (constant) PC +1 Hold Hold Set | 
100XX | | ae a 
Key: PC = Program Counter 
SREG = Stack Register 
CREG = Counter Register 
PL = Pipeline (data) Field 


TM (data) = Test Inputs Masked by DATA Field 
TM (mask) = Test Inputs Masked by MASK Field 
DEC = Decrement 
NC = No Change 


Notes: 

1. If COND = EQ and condition PASSES, reset EQ flag. 
2. If COND = EQ and CREG <0, reset EQ flag. 

3. If COND = EQ and CREG = 0, reset EQ flag. 

4. Set EQ flag if CONST field = T*M. 





Am2SCPL151 3-81 





Am29CPL151 SSR Diagnostics Option 


As a programmable option, the Am29CPL151 FPC may 
be configured to contain Serial Snadow Register (SSR) 
diagnostics capability. SSR diagnostics is a simple, 
straightforward method of in-system testing to isolate 
problems down to the IC level. 


The SSR diagnostics configuration activates a 32-bit- 
wide D-type register called a “shadow” register, on the 
pipeline register inputs. The shadow register can be 
serially loaded from the SDI pin, parallel loaded from the 
pipeline register, or held. The pipeline register can be 
loaded from the Program Memory in normal mode or 
from the shadow register during diagnostics. A redefini- 
tion of four device pins is required to control the different 


diagnostics functions. CC also functions as the Serial 
Data Input (SDI), ZERO becomes the Serial Data Output 
(SDO), P[7] becomes the diagnostic clock (DCLK), and 
P[6] becomes the diagnostic mode control (MODE). The 
various diagnostic and normal modes are shown in table 
2. 


Serially loading a test instruction into the shadow regis- 
ter and parallel loading the shadow register contents 
into the pipeline register forces execution of the test in- 
struction. The test result can then be clocked into the 
pipeline register as in normal operation mode, parallel 
loaded into the shadow register, and serially shifted out 
for system diagnostics. 


Table 2 









ee fave eae To | 










Notes: 


1. During normal operation, this pin behaves as the CC input. 





| Outputs 


Shadow Pipeline 
Suc Hold | Serial Right-Shift 
S31 SDI | | Shadow Register 
CC 
(Note 1) 





Hold Pi Si | Load Pipeline Register 
from Shadow edisle! 


Pepa tt _[acd 








Hold Pi << EPROM; Normal Operation; 
| Load Pipeline 
| Register from EPROM 
Hold Load Shadow Register 
from Pipeline Register 
(Note 2) 










2. S7, S6 are undefined. S[15:8] load from the source driving pins P[15:8]. If P[31] in the microword is a ONE, S[15:8] are 
loaded from the pipeline register. If P[31] in the microword is a ZERO, S[15:8] are loaded from an external source. 


HIGH 
LOW 
Don’t Care 


LOW-to-HIGH transition 
= HIGH-to-LOW transition 


Key: 


H 
L 
X 
tT 
L 
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DCLK 





Pp SSR 


SDI Register 


Mode 


CLK 









> Pipeline Register | 
| / 


P[15:8} P[5:0] 





SDO 







10135-052A 


Figure 3. SSR Diagnostics Logic 


Erasure 


in order to fully erase all memory locations, it is neces- 
sary to expose the memory array to a standard ultravio- 
let light source having a wavelength of 2537 angstroms. 
The minimum recommended dose (UV intensity x expo- 
sure time) is 15 Wsec/cm*. For a UV lamp witha 12 mW/ 
cm? power rating, the exposure time would be about 30 
minutes. The device should be located one inch fromthe 
source in a direct line. 


Am29CPL151 


it should be noted that erasure will begin with exposure 
to light having wavelengths less than 4000 angstroms. 
To prevent exposure to sunlight or fluorescent lighting, 
an opaque labei should be affixed over the window after 
programming. 


OTP (One-Time Programmable) Am29CPL151 devices 
are available in plastic and are ideal for volume produc- 
tion. They can be inventoried unprogrammed and used 
with current software revisions; there is no window to be 
covered to prevent light from changing data. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 

Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground —-0.5Vto +7.0V with Respect to Ground +4.5 V to +5.5 V 

DC Input Voltage 0.5 V0 Vec + 0.5 V Operating ranges define those limits between which the func- 
DC Output or /O Pin Voltage —0.5 V to Vec + 0.5 V tionality of the device is guaranteed. 

DC Input Current -10 mA to +10 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 


| Parameter | 
Symbol | Parameter Description | Test Conditions Max. | Unit 

















< 


Output HIGH Voltage low=-3.0MA  Vin= Vin or Vit TT 24 Zz 
| | Vec=Minw 
Output LOW Voltage Ilo. =16MA Vin = Vin or Vir 0.5 | 
| Vcc = Min. | 


Vou 
= | 
J Vi Input HIGH Voltage Guaranteed Input Logical HIGH 
| | | Voltage for all Inputs (Note 1) _ | | | | 
Vit Input LOW Voltage | Guaranteed Input Logical LOW V 
a | Voltage for all Inputs (Note 1) 
Bl Kal 
be 


< 






S 


Input HIGH Leakage | Vin = Vcc — 0.5 V, Vec = Max. 
Current | (Note 2) 


= 
> 







ro) 
c 
> 


5 











Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
















lozH Off-State Output Leakage | Vout = 2.4 V, Voc = Max. | 4 
| | | Current HIGH | Vin = Vin or Vi. (Note 2) | ! | 
loz Off-State Output Leakage | Vout = 0.5 V, Vcc = Max. | —10 
| Current LOW | Vin = Vin or Vic (Note 2) | | 


: | = | 
Supply Current Dutputs OPEN | Mos | Viv= GND or Veo _| 
| 100 pF Typical | 


















| Input LOW Leakage _| Vin = 0.5 V, Voc = Max. (Note 2) | 10 | 
| Current | = - ess Sen | 


Voc = Max. 

Vcc = Max. 
Ta = 25°C 
No Load 


Power Dissipation 
Capacitance 
(Note 3) 








2.0 | 
lout = 0 mA 7 
lout ) FAL Tn cos Vor2.4v a 


2. I/O pin leakage is the worst case of Ii, and lozz (or liq and lozx). 


3. The dynamic current consumption is: 


Icc (Total) = Icc (Static) + (Cpp + nCL) Vcc (f/2), where f is the clock frequency, C_ = the output load capacitance, and n is 
the number of loads. 
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CAPACITANCE (Note 1) 


Parameter a 
| Symbol | Parameter Description Test Conditions | 
Input Capacitance RESET Vin = 2.0 V Vcc = 4.5 Vto5.5V 


| Ta = —55°C to +125°C 
Vout = 2.0 V 


Output Capacitance f= 1 MHz 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Note 2) 


Symbol Parameter Description 


Min. | 
PClKIo P50) 
———————— 
| — 
Ee 
Le 
pte 
| tex 































CLK to ZERO 


| [3:0] to CLK, Registered 4 Ed 
T[5:4] to CLK, Registered | 10] 
T[5:0] to CLK, Asynchronous 30 
(Note 3) | | | 


CC to CLK, Registered | 


CC to CLK, Asynchronous _ | 30 | 
(Note 3) | | 

RESET to CLK, Registered 
RESET to CLK, Asynchronous 26 
(Note 3) | | : 


28 
ZERO o1 
CLK to 7[5:0] | | 


Note 4) | CLKtoCC | | 
CLK to RESET 





3 
a2 
= 
= 
ae aan 
= 
= 

8 


| 30 | 


6 | tm | 


Beni: lM 


a ee ced 
| 19 | tuax | MaximumFrequency(1/tey) | 33 | a 
Note: 


2. See Switching Test Circuit for test conditions. 
3. These parameters are measured indirectly on unprogrammed devices. They are determined as follows: 
a. Measure delay from input (CC, T[5:0], RESET, or CLK) to EPROM address out in test mode. This will measure the 
delay through the sequence logic. 
b. Measure setup time from T[5:0] input through EPROM test columns to pipeline register in verify test column mode. 
This will measure the delay through the EPROM and register setup. 
c. Measure delay from T[5:0] input to EPROM address out in verify test column mode. This will measure the delay 
through the logic and P[15:0] outputs. 
To calculate the desired parameter measurement, the foliowing formula is used: 
Measurement (a) + Measurement (b) —- Measurement (c) 


= 
a 
ai 3 
js 


tco 
ts 
tH 

( ) 
_ tpxz 
tWL 
= tWH 
| tp 


No. 
3 
= 
11 
12 
13 
= 

1 

1 | 
17 
18 


| 5 


CLK PERIOD: T[5:0] to CLK setup time: 

CLK (a) + (b) — (c) = CLK PERIOD T[5:0] (a) + (b) — (c) = T[5:0] to CLK setup time 
CC to CLK setup time: RESET to CLK setup time: 

CC (a) + (6) — (c) = CC to CLK setup time RESET (a) + (b) — (c) = RESET to CLK setup time 


4. These hold time parameters are tested on a sample basis. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Continued) 








— 
o1 






SS ec 

SSR Configuration a 

| 23 | Tae Sel ee OD 

== 15 | | ns | 

oes 

| | 0 | ts | 
GL aid ee 


aed — 
ee a et 
33 | te 


Notes: 
1. These hold time parameters are tested on a sample basis. 






DCLK Period 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Military (M) Devices 

Ambient Temperature with Ambient Temperature (Ta) —55°C to +125°C 
Power Applied -55°C to +125°C Operating in Free Air 

Supply Voltage with Supply Voltage (Vcc) with 4.5V to +5.5V 
Respect to Ground -0.5Vto +7.0V ee ober a ia 


Respect to Ground 


DE-Input Voltage oe lo uee Oey Operating Ranges define those limits between which the func- 
DC Output or I/O Pin Voltage -0.3V to Vcc+0.3V tionality of the device is guaranteed. 

DC Input Current -10 mA to +10 mA 

Stresses above those listed under Absolute Maximum Rat- Note. 


ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


1. Military products are tested at Tc = 25°C, 125°C, and 
-55°C. 


DC CHARACTERISTICS over MILITARY operating range unless otherwise specified 
Parameter | 7 | 
Symbol | Parameter Description | Test Conditions _ | 
Output HIGH Voltage lon = —1.0 MA Vin = Vin Or Vit 
| | 2 Sees - edie 
Output LOW Voltage lo. = 12 MA Vin = Vin or Vit 



























Vot | | 
| Vcc = Min. 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 
zz | | ——- | Voltage for all Inputs (Note 1) | 
Vit Input LOW Voltage Guaranteed Input Logical LOW 
re __| Voltage for all Inputs (Note 1) 
hy | Input HIGH Leakage 
_ | Current | | 
| lie Input LOW Leakage 
pCurrent eee | | 
lozH Off-State Output Leakage | Vout = 2.4 V, Vcc = Max. 
| | Current HIGH = VIN = Vin OF Vit (Note 2) _ 
| loz | Off-State Output Leakage | Vout = 0.5 V, Vcc = Max. | 
| | Current LOW | | Vin = Vin or Vii (Note 2) | 
| Supply Current Fae eet | CMOS Vin = GND or Voc _| 
ae Vn=0.5Vor2.4V 


vec Mar 
Vcc = Max. 

Ta = 25°C 

No Load 







Vin = Vcc —0.5 V, Voc = Max. 
(Note 2) a 
Vin = 0.5 V, Voc = Max. 






(Note 2) 



































Power Dissipation | 
| Capacitance 
(Note 3) 






100 pF Typical 






Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. /O pin leakage is the worst case of I, and loz (or li and loz). 


3. The dynamic current consumption is: ; 
Icc (Total) = Icc (Static) + (Cpp + nC.) Vcc (f/2), where f is the clock frequency, C, = the output load capacitance, and n is 
the number of loads. 
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CAPACITANCE (Note 1) 


Parameter | 
— Parameter Description Test Conditions 


| “Input Capacitance ‘| RESET Vin = 2.0 V Vec = 4.5 Vto 5.5 V 
a | Ta = 55°C to +125°C 

| Output Capacitance Vout=2.0V | f=1MHz 

Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS over MILITARY operating range (for APL Products, 
Group A, sume 9, 10,11 are tested unless otherwise noted) (Note SS ae 


Parameter 
_ Symbol Parameter Description 


Fotki aso) ao 
PouktozeRO YT i 


i So a Ie ae 
a 
a 

Dsaadl 

._$ 







































| T[5: ry to CLK. Asynchronous (Note 3) 3) 
CC to CLK, Registered 
CC to CLK, Asynchronous (Note3) 7 


| RESET to CLK, Registered | 16 





RESET to CLK, Asynchronous (Note 3) 





tH | CLK toT[5:0] 





2 (Note 4) | CLKto co 4 

Cc eee i 9 

eC ae oe ee 
Te eokeatserpee 

| 


rine wiiiii: (UWL ee a | 
twa [ET ee | 


— 
| a 
ae 1 aN KE 
[tux | Maximum Frequency (Wa) —SSSCS~C~—~—~‘i Sd 


eee 
ae 
=e 
Pes Bh ai 
ae 
at] 
= 
xs 8 


Note: 
2. See Switching Test Circuit for test conditions. 


3. These parameters are measured indirectly on unprogrammed devices. They are determined as follows: 
a. Measure delay from input (CC, T[5:0], RESET, or CLK) to EPROM address out in test mode. This will measure the delay 
through the sequence logic. 


b. Measure setup time from T[5:0] input through EPROM test columns to pipeline register in verify test column mode. This will 
measure the delay through the EPROM and register setup. 


c. Measure delay from T[5:0] input to EPROM address out in verify test column mode. This will measure the delay through 
the logic and P[15:0] outputs. 


To calculate the desired parameter measurement, the following formula is used: 
Measurement (a) + Measurement (b) - Measurement (c) 





CLK PERIOD: RESET to CLK setup time: 

CLK (a) + (b) - (c) = CLK PERIOD RESET (a) + (b) - (c) = RESET to CLK setup time 
T[5:0] to CLK setup time: CC to CLK setup time: 

T[5:0] (a) + (b) - (c) = T[5:0] to CLK setup time CC (a) + (b) - (c) = CC to CLK setup time 


4. These hold time parameters are tested on a sample basis. 
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SWITCHING CHARACTERISTICS over MILITARY operating range (Continued) 


| Parameter 7 | 
| Symbol Parameter Description | Min. | Max. | 


SR Configuration 


| 20. | Mode to SDO 
SDI to SDO 


a 

a 

= fea! 
| Mode to CLK oe | | 25 | 
—s Mode to DCLK | 25 | 
: SDI to DCLK | | 25 | 
P[15:8] to DCLK | 

oo 

20, 

| 0 | 

|e | 

— 






| 




























a | CLKtoMode = =  ——“———————C CCC (tid to Mode 
—————————— DCLK to Mode — 

[29] (note 
=” 
| 31 | tw | DCLKWidth [LOW 

ol —— 
[as |v | ockrm Ss C~*” 
Notes: 


1. These hold time parameters are tested on a sample basis. 
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SWITCHING WAVEFORMS 
Normai Configuration 


3:0 








Registered Ss, | | 
T[5:4], : 7 
Registered f | 3 Vr 
CC VY | 
Registered f | Ou) 
ty t2) 7 | 
CLK | | \ F vy 
| ——— | = tco” >). 
—_ OX AY 
war XXXXXKXARKXKRKIK 
ZERO oe Vr 
10135-055A 
Registered Test Inputs 
re RR 
E ; 7 | roe 
H!"'2) 
CLK > VT 
oe eee nad ae 
- Re 
(GO So 
Ao KOE 
tco” , 
ZERO 
10135-056A 


Asynchronous Test Inputs 
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SWITCHING WAVEFORMS (Continued) 
Normal Configuration 


RESET, 
Registered VT 
ts® ty!'>) 
CLK ~ Vr 


tco" 


P[15:0] XXX AXKAAD ee 












10135-057A 
Registered RESET 
RESET, 
Async 
ts" 
CLK 
P[15:0] Vr 
10135-058A 
Asynchronous RESET 
CLK 
P[15:8 
| Vo_+ 0.5 V 
10135-059A 
CLK to Output Disable/Enable 
twe""®) 
CLK 
tp 
10135-060A 


Clock Width/Period 
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SWITCHING WAVEFORMS (Continued) 











SSR Configuration 
MODE K OVr 
. tpy{2”) 
| tpp™ —— — tpp®™ | 
KXXXKOK XXX 
tad DASAAN _ ADAAI, 
CLK i Vr 
| _ | Ke tool”) 
P[15:8, 5:0] Vr 
10135-061A 
Load Pipeline Register from Shadow Register 
MODE VT 
ot ty) 
SDI Vy 
a. er tpp@ to ef tH 
DCLK au 
ts(8) e— ty 
ji 10135-062A 


Load Shadow Register from Pipeline Register and/or Pins 
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SWITCHING WAVEFORMS (Continued) 


SSR Configuration 
MODE x 7 Vt 
Ise? tH'?®) 
o | ¥ [|X 
tH!??) 
DCLK M1 


tco'?2 
















SDO 
10135-063A 
Shift Shadow Register 
DCLK 
tp) 
10135-064A 
DCLK Width/Period 
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KEY TO SWITCHING WAVEFORMS 


INPUTS 


WAVEFORM 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care; 
Any Change 
Permitted 


Does Not 
Apply 


SWITCHING TEST CIRCUIT 
5V 
Ry 
Output Test Point 
CL 
- cas 10135-053A 


Three-State Outputs 







Note: 
Pulse generator for all pulses: Rate < 1.0 MHz; Zo = 50 2: t; < 2.5 ns. 





Specification ce 
Z - — H: Open 50 pF | 
ZL: Closed 667 QO 667 Q 
H -Z: Open 
L >: Closed 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from HtoL 


Will be 
Changing 
from L toH 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010-PAL 


5V 


S; 


Ry 






Output oO e) Test Point 


= 10135-054A 
Two-State Outputs 


Measured 
Output Value 


ae ee 
oo | 


leerenee VoH — 0.5V 
Loz Vo + 0.5 V_ 
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TEST PHILOSOPHY AND METHODS 


The following eight points describe AMD’s philosophy 
for high volume, high speed automatic testing. 


1. Ensure that the part is adequately decoupled at the 
test head. Large changes in Vcc current as the de- 
vice switches may cause erroneous function failures 
due to Vcc changes. 


2. Do not leave inputs floating during any tests, as they 
may start to oscillate at high frequency. 


3. Do not attempt to perform threshold tests at high 
speed. Following an output transition, ground cur- 
rent may change by as much as 400 mA in 5-8 ns. 
Inductance in the ground cable may allow the ground 
pin at the device to rise by hundreds of millivolts mo- 
mentarily. 


4. Use extreme care in defining point input levels for AC 
tests. Many inputs may be changed at once, so there 
will be significant noise at the device pins and they 
may not actually reach Vi. or Vin until the noise has 
settled. AMD recommends using Vit < 0 V and 
Vin = 3.0 V for AC tests. 


5. To simplify failure analysis, programs should be de- 
signed to perform DC, function, and AC tests as 
three distinct groups of tests. 


6. Capacitive Loading for AC Testing 


Automatic testers and their associated hardware 
have stray Capacitance that varies from one type of 
tester to another but is generally around 50 pF. This, 
of course, makes it impossible to make direct meas- 
urements of parameters which call for smaller ca- 
pacitive load than the associated stray capacitance. 
Typical examples of this are the so-called “float de- 
lays,” which measure the propagation delays into the 
high-impedance state and are usually specified at a 
load capacitance of 5.0 pF. Inthese cases, the test is 
performed at the higher load capacitance (typically 
50 pF), and engineering correlations based on data 
taken with a bench setup are used to predict the re- 
sult at the lower capacitance. 


7. Threshold Testing 


The noise associated with automatic testing (due to 
the long, inductive cables) and the high gain of the 
tested device when in the vicinity of the actual device 
threshold, frequently give rise to oscillations when 
testing high-speed circuits. These oscillations are 
not indicative of a reject device but instead of an 
overtaxed test system. To minimize this problem, 
thresholds are tested at least once for each input pin. 
Thereafter, “hard” high and low levels are used for 
other tests. Generally this means that function and 
AC testing are performed at “hard” input levels rather 
than at Vic Max. and Vin Min. 


8. AC Testing 


Occasionally, parameters are specified that cannot 
be measured directly on automatic testers because 
of tester limitations. Data input hold times often fall 
into this category. In these cases, the parameter in 
question is guaranteed by correlating these tests 
with other AC tests that have been performed. These 
correlations are arrived at by the cognizant engineer 
by using precise bench measurements in conjunc- 
tion with the knowledge that certain DC parameters 
have already been measured and are within spec. 


insome cases, certain AC tests are redundant, since 
they can be shown to be predicted by some other 
tests which have already been performed. In these 
cases, the redundant tests are not performed. 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 


Vee 


Driven Input 
Ny 


Thermal Impedance Values (6ya), Typical 
28-Pin Plastic SKINNYDIP (PD3028) 






10135-050A 


28-Pin Windowed Ceramic SKINNYDIP (CDE028) 


28-Pin Plastic Leaded Chip Carrier (PL 028) 


28-Pin Windowed Ceramic Leadless Chip Carrier (CLV028) 





3-96 


Am29CPL151 


50°C/W 
40°C/W 
55°C/W 
55°C/W 





10135-051A 








Prelimingry 


z 


Am29CPL154H-25/30 


CMOS 512-Word Field-Programmable Controller (FPC) 


DISTINCTIVE CHARACTERISTICS 
™ implements complex state machines 


@ High-speed, low-power CMOS EPROM 
technology 


@ Functional upgrade from the Am29CPL151 


# Eight conditional inputs (each can be 


registered as a programmable option), 
16 outputs 


@ Up to 30-MHz maximum frequency 


COM'L: -25/30 MIL: -25 


cl 


Advanced 
Micro 
Devices 


® 512-word by 36-bit CMOS EPROM 


& Space-saving 28-pin OTP plastic SKINNYDIP® 


and PLCC packages and windowed ceramic 
SKINNYDIP package 


28 instructions 


— Conditional branching, conditional looping, 
conditional subroutine call, multiway branch 





GENERAL DESCRIPTION 


The Am29CPL154 is a CMOS, single-chip Field Pro- 
grammable Controller (FPC). It allows implementation 
of complex state machines and controllers by program- 
ming the appropriate sequence of instructions. Jumps, 
loops, and subroutine calls, conditionally executed 
based on the test inputs, provide the designer with pow- 
erful control flow primitives. 


Intelligent control may be distributed throughout the sys- 
tem by using FPCs to control various self-contained 
functional units, such as register file/ALU, I/O, interrupt, 
diagnostic, and bus control units. An address sequen- 
cer, the heart of the FPC, provides the address to an in- 
ternal 512-word by 36-bit EPROM. 


The Am29CPL154 is manufactured in CMOS technol- 
ogy and offers a space-saving 300-mil SKINNYDIP 
package. A pin-compatible smaller FPC is offered as the 
Am29CPL151 with a 64 x 32 memory. 


This UV-erasable and reprogrammable device utilizes 
proven floating-gate CMOS EPROM technology to en- 
sure high reliability, easy programming, and better than 
99.9% programming yields. The Am29CPL154 is of- 
fered in both windowed and One-Time Programmable 
(OTP) packages. OTP plastic SKINNYDIP and PLCC 
devices are ideal for volume production. 





SIMPLIFIED BLOCK DIAGRAM ae 


RESET 


x 


rev- - 


§ Input Registers 
L 


SKINNYDIP and SSR are registered trademarks of Advanced Micro Devices, Inc. 
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10136-001A 


| Publication # 10136 Rev. C Amendment /O 
Issue Date: January 1989 | 


CONNECTION DIAGRAMS 








Top View 
SKINNYDIP 
TI6] |__| 4° 28 |_| Vcc 
PloysDo |__| 2 27 |__| CLK 
P[1}/A[8] 26 |__| TI7ysol 
Piz] L_J 25 |_] TI0j 
P[3} | 24 |__| 111) 
P[4] 23 |__| M2] 
PIS) 22 [| 113) 
P[6]/MODE a1 {| 114] 
P[7/DCLK 20| _| TIS) 
P[syaio} | 19 |__| RESET 
PIOVAtt} |__ 18 |__| P[15\/A[7] 


PI10vA(2] |_| 
PIIVAl3] |_| 


Gnd [|__ 15 |__| P[12VA[4] 


PLCC/LCC 
—O aes 
25 5 
Troe Sx 
aadcrFe>s>orF 
aletelalealoia 
3 2 1 
Pi3}C] 5 . 25 (J To] 
P[4jL} 6 24 {J 11] 









PI6VMODEL] 8 
P[7/DCLK (J 9 
P[8}/A[O} L] 10 
P(9VA(1] C] 11 





Nh 
Ww 
i 
[ee] 





TLS Ld LS LI LU 
THOS SSE 
<igeere 
or NN OST WO 
at eed ey ee en es 
a a a aaa 


10136-003A 


10136-002A 


Note: 
Pin 1 is marked for orientation. 


LOGIC SYMBOLS 


Normal Configuration 


P[15)/AI7] | 





10136-004A 


Am29CPL154 


SSR°® Diagnostics Configuration 





} TO} 
T[1] P[1}/A[8] 
T[2] P[2] 
T[3] P[3] 
> 14] P[4] | 
T[5] P{5] 
T{6] 
T[7VSDI 
P[8YA[O] 
PIOVAI1 
RESET provAla 
| PI11VAI3 
POLK EE yAld| 
P[13yA[5] 
P[14)A(6] 
P[15VA[7] 
SDO 
10136-005A 
3-99 





ORDERING INFORMATION 
Commercial Products 


AMD products for commercial applications are available with several ordering options. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 
| b. Power 
c. Speed 
d. Package Type 
e. Operating Conditions 
f. Optional Processing 


Am29CPL154 H -30 D Cc 


f. OPTIONAL PROCESSING 
Blank = Standard Processing 


e. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 


d. PACKAGE TYPE 
P = 28-Pin 300-mil Plastic 


SKINNYDIP (PD3028) 
D = 28-Pin 300-mil Windowed Ceramic 
SKINNYDIP (CDE028) 
J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 
c. SPEED 


-30 = 30 MHz fmax 
-25 = 25 MHz fmax 


b. POWER 
H = Half Watt (125 mA Icc) 


a. DEVICE NUMBER 
Am29CPL154 
CMOS 512-Word Field Programmable Controller (FPC) 






Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 


Valid Combinations 
Am29CPL154H-30 PC, DC, JC 
: Am29CPL154H-25 | | | 





Note: Marked with AMD logo. 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available with several ordering options. APL (Approved Prod- 
ucts List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) is formed by 


a combination of: Device Number 
. Power 

Speed 

Device Class 
Package Type 


Lead Finish 


mS OOTp 


Am29CPL154 H -25 /B 


a. DEVICENUMBER 
Am29CPL154 
CMOS 512-Word Field Programmable Controller (FPC) 










Valid Combinations 
Am29CPL154H-25 /BXA, /B3A 


LEAD FINISH 
A = Hot Solder Dip 


PACKAGE TYPE 

X = 28-Pin 300-mil Windowed Ceramic 
SKINNYDIP (CDE028) 

3 = 28-Pin Windowed Ceramic Leadiess Chip 
Carrier (CLV 028) 


DEVICE CLASS 
/B= Class B 


SPEED 
-25 = 25 MHz fmax 





POWER 
H = Half Watt (140 mA Icc) 


Valid Combinations 


The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm avail- 


ability of specific valid combinations, and to check on 
newly released combinations. 


Note: Marked with AMD logo. 


Group A Tests 


Group A tests consists of Subgroups 1, 2, 3, 7, 8, 


9,10, 11. 
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[ Address 
| Control Logic 


Decrementer | | 
| (CREG-1) 











Count Register incrementer 
> (CREG) (PC + 1) 


Test Inputs 
T[7:0]""". 





I 
Internal | 
| 
| 


Branch Control 
Logic (GOTO) 










Condition Code | 
Select Logic 
[~ ae | 


4 ps 


(512 x 36) 

yy 
SSR 
ter 


f> Pipeline Regis 
20 







Instruction | 
Decode Logic 









EXP 
9 
8h 2 5 
OE, 4, 


. 7 
ime ea 
SDI" DCLK” —_P[15:8] P[7:6]**P[5:1] | P{0}"* 

Outputs 


10136-007A 


* These pins available only in SSR mode. 
** These pins available only in normal mode. 


*** Each of the T[7:0] and RESET inputs can be individually registered or left unregistered as a programmable option. 


10136-007A 


Figure 1. Am29CPL154 Detailed Block Diagram 
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PIN DESCRIPTION 


CLK 
Clock input 


The rising edge of the clock latches the program 
counter, count register (CREG), subroutine register 
(SREG), pipeline register, and EQ flag. The rising edge 
of the clock also latches the test input registers and the 
RESET register if their respective configuration bits are 
set to enable internal synchronizing registers. 


P[15:8]/A[7:0] 

Outputs 

The upper eight general-purpose control outputs are en- 
abled by the OE signal from the pipeline register. When 
OE is HIGH, P{15:8] are enabled and when LOW, 
P[15:8] are disabled. 


A controller Expansion (EXP) cell can be programmed 
to set pins P[1] and P[15:8] to output the program ad- 
dress A[8] and A[7:0] from the PC MUX. These can be 
used to address external registered memories to pro- 
vide more control outputs. 


The contents of the internal count register (CREG) can 
also be routed to the control output pins P[1] and 
P[15:8], using the OUTPUT instruction. Thus, the con- 
trol outputs can be changed dynamically. 


P[7:0] [DCLK, MODE, SDO] 
Outputs 


The lower eight general-purpose control outputs are 
permanently enabled. In the SSR diagnostic configura- 
tion, P[7] becomes the diagnostic clock input DCLK, 
P[6] becomes the diagnostic control input MODE, and 
P[0] becomes the serial Data Output [SDO]. 


RESET 
Optionally Registered Reset Input; Active LOW 


When the reset input is LOW, the output of the PC MUX 
is forced to the uppermost program address (511). On 
the next rising edge of the clock, this address (511) is 
loaded into the program counter; the instruction at loca- 
tion 511 is loaded into the pipeline register, and the EQ 
flag is cleared. A programmable configuration bit allows 
the option of making this a registered input. If RESET is 
internally registered, the first rising edge of the clock 
latches it. On the next rising edge of the clock, the EQ 
flip-flop is cleared and the contents of memory location 
511 are loaded into the pipeline register. The default 
state of this input is registered. 


T[7:0] [SDI] 
Optionally Registered Test Inputs 


In conditional instructions, the TEST inputs can be used 
as individual condition codes selected by the TEST field 
in the pipeline register. The T[7:0] inputs can also be 
used as a branch address when performing a program 
branch or as a count value to be loaded into the CREG. 
When this is done, a ninth bit from the microword is 
added as the MSB of the test inputs to yield a nine-bit 
value. Each of these inputs has an EPROM bit associ- 
ated with it. This bit may be programmed such that the 
corresponding input becomes an unregistered input. 
The default state of these inputs is registered. In SSR di- 
agnostics mode, T[7] becomes the Serial Data Input 
(SDI). 
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FUNCTIONAL DESCRIPTION 


Figure 1, the detailed block diagram of the 
Am29CPL154, shows logic blocks and interconnecting 
buses that permit parallel performance of different op- 
erations in a single instruction. The FPC consists of four 
main logic blocks: the program memory, address control 
logic, condition code selection logic, and instruction de- 
code. A fifth optional block is the Serial Shadow Register 
(SSR). 


The program memory contains the user-defined instruc- 
tion flow and output sequence. The address control 
logic addresses the program memory. This control logic 
supports high-level instruction functions including con- 
ditional branches, subroutine calls and returns, loops, 
and multiway branches. The condition code selection 
logic selects the condition code input to be tested when 
a conditional instruction is executed. The polarity of the 
selected condition code input is controlled by the POL 
bit in the microword. The instruction decode generates 
the control signals necessary to perform the instruction 
specified by the instruction part (P[35:16]) of the 
microword. The SSR enables in-system testing to iso- 
late problems down to the IC level. 


Program Memory 


The FPC program memory is a 512-word by 36-bit 
EPROM with a 36-bit pipeline register at its output. The 
upper 20 bits (P[35:16]) of the pipeline register are inter- 
nal to the FPC and form the instruction to control ad- 
dress sequencing. The format for instructions is: a one- 
bit synchronous Output Enable OE, a five-bit OPCODE, 


a one-bit test polarity select POL, a four-bit TEST condi- 
tion select field, and a nine-bit immediate DATA field. 
The DATA field is used to provide branch addresses, 
test input masks, and counter values. 


The lower 16 bits (P[15:0]) of the pipeline register are 
brought out as user-defined, general-purpose control 
outputs. The upper eight control outputs (P[15:8]) are 
disabled when OE is programmed as a LOW. The lower 
eight control bits (P[7:0]) are always enabled. 


Outputs P[1] and P[15:8] will contain the next instruction 
address when the optional bit EXP is set. The contents 
of the count register are also available at P[1] and 
P[15:18] by using the OUTPUT instruction regardless of 
whether the EXP bit is set. 


Controlling External PROM 


By programming the EXP bit, PC MUX is output over 
pins P[1,15:8]/A[8:0]. This feature can be used to extend 
the width of the output control word when external regis- 
tered memories are used. In the diagram below, the 
Am29CPL154 controls external registered PROMs to 
provide an output control word (7 + N) bits wide (where 
N is the bit width of the PROMs). 


When the OUTPUT instruction is executed, the CREG 
contents are output over pins P[1], P[15:8]/A[8], A[7:0] 
on the following cycle. Consequently, if the CREG con- 
tents must be read after programming the EXP cell, the 
system design should be modified to handle this excep- 
tion. 





Am29CPL154 


CLK 


| P[7:2,0] 





P[1,15:8)/A[8:0] 


10136-006A 


Figure 2. Controlling External PROM 
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Am29CPL154 


Address Control Logic 


The address control logic consists of four smaller logic 
blocks. These are: 


PC GRP - Program counter multiplexer (PCMUX), 
program counter register (PC) and 
combinatorial incrementer (PC + 1) 

STACK — 17-word by 9-bit-wide stack with subrou- 
tine mux (S MUX) 

CNTR — Count register (CREG) with counter mux 
(C MUX), combinatorial decrementer 
(CREG—1), and zero detect 

GOTO ~— Multifunction branch control logic 

PC GRP 


The PC GRP consists of a 4:1 multiplexer, a program 
counter (PC) register, and a 9-bit combinatorial in- 
crementer (PC + 1). Itselects the PC, PC + 1, the branch 
address, or the top of stack as the next instruction ad- 
dress input to the program memory and the PC. 


When RESET is internally registered, the first clock edge 
after RESET goes LOW latches RESET internally. The 
next clock edge loads the contents of location 511 deci- 
mal into the instruction-pipeline register and clears the 
EQ flag. A programmable configuration bit allows the 
option of bypassing the synchronizing register. In this 
case, after RESET goes LOW, the output of the PC MUX 
is forced to all “1"s (address 511 decimal) during the 
setup time, and the first clock edge loads the contents of 
location 511 decimal into the instruction-pipeline regis- 
ter and clears the EQ flag. Note: by default, the RESET 
input is registered. 


STACK 


This 17-deep, 9-bit-wide stack block consists of a 3:1 
multiplexer (S MUX) that stores the data into the top- 
most location of the stack. The STACK register is incre- 
mented by one after an item is written onto the STACK 
(post-incremented) and decremented by one before an 
item is read from the STACK (pre-decremented). The S 
MUX chooses from three sources: PC +1 , count regis- 
ter, and the top of the stack (for holding). PC + 1 is the 
input source when doing subroutine calls. PC MUX is 
the output destination when a return-from-subroutine in- 
struction is performed. The PSHCNTR and POPCNTR 
instructions can be used for nested counts up to the 
depth of the STACK. Table 1 shows how the stack oper- 
ates when more than 17 values are pushed. Table 2 
shows how the stack operates when more than 17 val- 
ues are popped. 


CNTR 


The CNTR block consists of a nine-bit, four-to-one multi- 
plexer (C MUX), driving a nine-bit register (CREG); a 
six-bit combinatorial decrementer (CREG-1); and a 
zero-detection circuit. The CNTR logic block is typically 
used for timing functions and iterative loop counting. 


The CMUX has the following input sources: top of stack, 
the branch-logic output, CREG — 1, and the CREG (for 
holding). 


GOTO 


The GOTO logic block serves three functions: 


1. Itprovides a nine-bit count value from the DATA field 
in the pipeline register (P[24:16]) or from the TEST 
inputs T[7:0] masked by the DATA field P[23:16]. 
This is represented by T°*M. 


2. It provides a branch address from the DATA field in 
the pipeline register P[24:16] or from the TEST in- 
puts T[7:0] masked by the 8 LSBs of the DATA field 
P[23:16]. This is represented by T*M. The MSB or 
ninth bit of the branch address will be the MSB of the 
DATA field. 


3. It Compares T[7:0] masked by the MASK field 
P[23:16], called T“M, to the CONSTANT field from 
the pipeline register P[31:24]. Ifa match occurs, the 
EQ flip-flop is set. EQ remains unchanged if there is 
no match. Constant field bits that correspond to 
masked test bits must be zero. 


The EQ flag can be tested by the condition code selec- 
tion logic. Multiple tests of any group of T inputs in a 
manner analogous to sum-of-products can be per- 
formed since a no-match comparison does not reset the 
EQ flag. Any conditional branch on EQ will reset the EQ 
flag. Conditional returns on EQ will not change the EQ 
flag. RESET input LOW will reset the EQ flag. 


Note: A zero in the MASK field blocks the corresponding 
bit in the TEST field; a one activates the corresponding 
bit. 

The constant field bits that correspond to masked test 
field bits must be zero. A zero is substituted for masked 
test field bits. The “POL” bit is a “don’t care” when using 
test inputs to load registers. 


Note that when the inputs are internally registered (pro- 
grammable option) they must meet the register setup 
time on the cycle preceding the one in which they are to 
be used. 


Condition Code Selection Logic 


The condition code selection logic consists of a 16:1 
multiplexer. The 16 condition inputs are the eight test 
bits, the EQ flag, CREG ZERO status, and six UNCOND 
test conditions connected to zero for the unconditional 
mode. The TEST field in the pipeline register (P[28:25]) 
selects one of the 16 conditions. If one of the UNCOND 
is chosen, and the POL bit is a one, the instruction is 
executed with a “forced PASS” condition. If one of the 
UNCOND is chosen, and the POL bit is zero, the instruc- 
tion is executed with a “forced FAIL” condition. See op- 
code descriptions for more details. 
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The polarity bit POL in the instruction allows the user to 
test for either a pass or fail condition. Refer to Table 3 for 
details. 


Note that when the inputs are internally registered (pro- 
grammable option) they must meet the register setup 
time on the cycle preceding the one in which they are to 
be used. 


instruction Decode 


The instruction decoder is a PLA that generates the con- 
trol for 28 different instructions. The decoder inputs in- 
clude the OPCODE field P[34:30], the zero detection 
flag from the CNTR, and the selected test condition 
code from the condition code selection logic. 


Operational Modes 


The Am29CPL154 operates as a_i nine-bit 
microcontroller in normal mode, and there are several 
configuration bits that can be programmed to modify this 
normal operation. The EXP bit allows the nine program 
address lines from the PC MUX to be output on the out- 
put pins (P[1,15:8]) so that a user can expand the width 
of the control lines by using external registered memo- 
ries. The SSR bit allows on-chip diagnostic capabilities 
for in-system testing. The remaining bits serve to indi- 
vidually select whether the input pins will be synchro- 
nized or not. The default setting of these bits (un- 
programmed, 1) will cause each pin to be synchronized, 
and so programming a given bit (to 0) will cause that cor- 
responding input to become internally unsynchronized. 
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Am29CPL154 General Instruction Format 


35 34 30 29 28 25 24 16 15 0 
USER-DEFINED 
| oF | | opcove | [ POL | [ resr | I para | [ OUTPUTS ] 
WHERE: 10136-008A 
OE = Synchronous Output Enable for P[15:8]. 
OPCODE_ = A five-bit opcode field for selecting one of the 27 single-data-field instructions. 
POL = Aone-bit test condition polarity select (refer to Table 3). 
TEST = A four-bit test condition select. 
TEST[28:25] UNDER TEST 
0000 T [0] 
0001 T [1] 
0010 T [2] 
0011 T [3] 
0100 T [4] 
0101 T [5] 
0110 T {6} 
0111 T [7] 
1000 EQ 
1001 CREG ZERO 
1010-1111 UNCONDITIONAL [0] 


DATA = Anine-bit conditional branch address, test input mask, or counter value field designated as 
PL in instruction mnemonics. 





E 


Table 3 | 





Am29CPL154 Comparison Instruction Format 


35 34 32 31 24 23.16 15 0 
USER-DEFINED 
| OF | | oPcove | | constant | | mask | I OUTPUTS ] 
10136-009A 
WHERE: 
OE = Synchronous Output Enable for P[15:8]}. 


OPCODE = Compare instruction (binary 100). 
CONSTANT = An eight-bit constant for equal-to comparison with T*M. 
MASK = An eight-bit mask field for masking the incoming T[7:0] inputs. 
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Am29CPL154 INSTRUCTION SET DEFINITION 


® = Other instruction 
©) = Instruction being described 
O = Register in part 


P = Test Pass 
F = Test Fail 
X,Y are arbitrary values in the CREG or STACK 





Opcode Mnemonic Description 


19 GOTOPL _ IF (cond) THEN GOTO 
, PL (data) 

Conditional branch to the 
address in the PL (DATA field). 
The EQ flag will be reset if the 
test field selects it and the . 
condition passes. The instruction is 
executed with a forced PASS con- 
dition if the test field is UNCOND 
and POL = 1. The instruction is 
executed with a forced FAIL con- 
dition if the test field is UNCOND 
and POL = 0. 


IF GOTOTM _IF (cond) THEN GOTO 
TM (data) 
Conditional branch to the address 
defined by the T*M (T[7:0] under 
bitwise mask from the 8 LSBS of 
the DATA field). This instruction is 
intended for multiway branches. The 
EQ flag will be reset if the test field 
selects it and the condition 
passes. The instruction is executed 
with a forced PASS condition if the 
test field is UNCOND and POL = 1. 
The instruction is executed with a 
forced FAIL condition if the test field 
is UNCOND and POL = 0. The MSB 
of the branch address will be the 
MSB of the DATA field. 


03 GOTOSTK IF (cond) THEN GOTO (STACK) 
Conditional branch to the address at 


Execution Example 








Register Transfer 
Description 


lf (cond = true) Then 
PC = PL(data) 


10135-009A 


If (cond = true) Then 
PC =T*M 

Else 
PC =PC+1 


10135-011A 


the top of the stack, or else continue. 30 : hs ae amen 
The EQ flag will be reset if the test field F Else 

selects it and the condition passes. The PC =PC+1 
instruction is executed with a forced Tos 

PASS condition if the test field is 31 


UNCOND and POL = 1. The instruction 


is executed with a forced FAIL condition 40 

if the test field is UNCOND and 41 

POL = 0. 10136-010A 
18 FORK IF (cond) THEN GOTO PL 


(data) ELSE GOTO (STACK) 

Conditional branch to the address in the 
PL (DATA field) or the TOS. A branch to 
PL is taken if the condition is true anda 
branch to TOS if false. The EQ flag will be 
reset if the test field selects it and the con- 
dition passes. The instruction is executed 
with a forced PASS condition if the test 
field is UNCOND and POL = 1. The in- 
struction is executed with a forced FAIL 
condition if the test field is UNCOND and 
POL = 0. 


30 


31 





P 
PL(DATA) 40f 


41 
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If (cond = true) Then 
PC = PL (data) 


10136-011A 





Am29CPL154 INSTRUCTION SET DEFINITION (Continued) 


Register Transfer 
Opcode Mnemonic Description Execution Example Description 






1c CALPL IF (cond) THEN CALL PL (data) If (cond = true) Then 


Conditional jump to subroutine STACK “TOS STACK = TOS 
at the address in the PL (DATA 30 Ont-OME-PC+1 TOS PCH 1 
field). The PC + 1 is pushed into X 32 PC = PL(data) 
the TOS as the return address. P Else 

The EQ flag will be reset if the PL (DATA) PC = PC +1 
test field selects it and the 31 

condition passes. The instruction is 32 

executed with a forced PASS con- 

dition if the test field is UNCOND 

and POL = 1. The instruction is exe 

cuted with a forced FAIL condition if  °8 

the test field is UNCOND and POL = 0. 10136-012A 





1E CALTM IF (cond) THEN CALL TM (data), lf (cond = true) Then 


Conditional jump to subroutine at STACK = TOS 
the address specified by the T*M 30 TOS = PC +1 
(T[7:0] under bitwise mask from the SREG TOS PC =T*M 

8 LSBs of the DATA field). The PC+1 Else 

PC +1 is pushed intothe TOS asthe 43;, X 32 PC =PC+1 


return address. The EQ flag will be 

reset if the test field selects it and the 
condition passes. The instruction is 32 
executed with a forced PASS cond- 

ition if the test field is UNCOND and 33 
POL = 1. The instruction is executed 

with a forced FAIL condition if the 

test field is UNCOND and 

POL = 0.The MSB of the branch ad- 

dress will be the MSB of the DATA 


10136-013A E 





field. 

02 RET IF (cond) THEN RET STACK TOS If (cond = true) Then 
Conditional return from sub- PC+1 PC = TOS 
routine. The TOS provides X 392 TOS = STACK 
the return from subroutine Else 
address and the stack is PG =PC+1 
popped. The instruction is exe- 
cuted with a forced PASS con- 
dition if the test field is 
UNCOND and POL = 1. The 
instruction is executed with a TOS = STACK 
forced FAIL condition if the test 
field is UNCOND and POL = 0. X 

10136-014A 

00 RETPL IF (cond) THEN RET, LOAD If (cond = true) Then 
PL (data) Shee. 1s PC = TOS 
Conditional return from sub- see Ont-OnE- PCH TOS = STACK 
routine and load the CREG : X 32 CREG = PL (data) 
from the PL (DATA field). Else 
The TOS provides the PC = PC + 1 
return from subroutine 
address and the STACK is 
popped. The instruction is exe- F TOS STACK 
cuted with a forced PASS con- , 
dition if the test field is ~~ Cx 
UNCOND and POL = 1. The °’ ° CREG 
instruction is executed with a eae Os— 
forced FAIL condition if the test Y pEhenen 10136-015A 





field is UNGOND and POL = 0. eases 
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Am29CPL154 INSTRUCTION SET DEFINITION (Continued) 


Opcode Mnemonic Description 














Register Transfer 


Execution Example Description 













04 LDPL IF (cond) THEN LOAD PL (data) If (cond = true) Then 
Conditional load the CREG from 30 CREG = PL(data) 
the PL (DATA field). The instruc- PC =PC+1 
tion is executed with a forced Else 
PASS condition if the test field is 31 CREG PC =PC+1 
UNCOND and POL = 1. The in- O=— PL(DATA 
struction is executed with a forced E a X 
FAIL condition if the test field is poe” 

UNCOND and POL = 0. 32 (@) 
P 
33 
10135-017A 

06 LDTM IF (cond) THEN LOAD TM (data) If (cond = true) Then 
Conditional load the CREG from CREG = T*M 
the T*M (T[7:0] inputs under bit- PC =PC+1 
wise mask from the 8 LSBS of the Else 
DATA field). The instruction is PC =PC+1 
executed with a forced PASS con- CREG 
dition if the test field is UNCOND Oe TM 
and POL = 1. The instruction is se Xx 
executed with a forced FAIL con- = 
dition if the test field is UNCOND 
and POL = 0. The MSB of the 
branch address will be the MSB of 
the DATA field. 10135-019A 

15 PSH IF (cond) THEN PUSH If (cond = true) Then 
Conditional push the PC + 1 STACK = TOS 
into the TOS. The instruction is TOS =PC +1 
executed with a forced PASS 30 PC =PC+1 
condition if the test field is F Else 
UNCOND and POL = 1. The in- PC = PC +1 
struction is executed with a STACK TOS 
forced FAIL condition if the test 31 (@} --- - -Cjt—Oee— PCH 
field is UNCOND and POL = 0. P X 32 

32 
10136-017A 

14 PSHPL IF (cond) THEN PUSH, LOAD If (cond = true) Then 
PL (data) CREG = PL(data) 
Conditional push the PC + 1 STACK TOS STACK = TOS 
into the TOS and load the 30 Po44. TOS = PC +1 
CREG from the PL (DATA field). The F Jf Y 32 PC = PC +1 
instruction is executed with a forced 5er CREG Else 
PASS condition if the test field is a PC = PC +1 
UNCOND and POL = 1. The in- 31 @ - ~~ - On PL (DATA) 
struction is executed with a P 
forced FAIL condition if the test 32 
field is UNCOND and POL = 0. 10136-018A 
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Am29CPL154 INSTRUCTION SET DEFINITION (Continued) 


Register Transfer 


Opcode Mnemonic Description Execution Example Description 
16 PSHTM IF (cond) THEN PUSH, LOAD If (cond = true) Then 
TM (data) CREG = T°M 
Conditional push the PC + 1 STACK = TOS 
into the TOS and load the TOS = PC + 1 
CREG from the T"M (T[7:0] under PC =PC+1 
bitwise mask from the 8 LSBs of the STACK TOS Else 
DATA field). The instruction is 30 Om—Ome PCH PC =PC+1 
executed with a forced PASS con- F 27 YY «82 
dition if the test field is UNCOND -* oREG 
and POL = 1. The instruction is -” 
executed with a forced FAIL con- 31 -----C<— TM 
dition if the test field is UNCOND P x 
and POL = 0. The MSB of the 30 
branch address will be the MSB of 
the DATA field. 10136-019A 
07 POP IF (cond) THEN POP If (cond = true) Then 

Conditional Pop the TOS. The TOS = STACK 

instruction is executed with a forced PC =PC +1 

PASS condition, if the test field is Else 

UNCOND and POL = 1. The instruc- PC =PC +1 

tion is executed with a forced FAIL 

condition, if the test field is UNCOND 

and POL = 0. TOS STACK 3 

xX 
10136-020A 


05 PSHCNTR IF (cond) THEN PUSH (CREG) If (cond = true) Then 





Conditional push CREG contents to STACK = TOS 
top of stack. The instruction is exe- TOS = CREG 
cuted with a forced PASS condition if PC =PC +1 
the test field is UNCOND and POL = 1. Else 
The instruction is executed with a PC = PC +1 
forced FAIL condition if the test field 
is UNCOND and POL = 0. STACK TOS  CREG 
Y xX 
10136-021A 
17 POPCNTR IF (cond) THEN POP TO (CREG) If (cond = true) Then 

Conditional pop TOS into CREG. The CREG = TOS 
instruction is executed with a forced TOS = STACK 
PASS condition, if the test field is CREG TOS STACK PC = PC +1 
UNCOND and POL = 1. The instruc- Else 


tion is executed with a forced FAIL ? Yy < SO PC =PC +1 
condition, if the test field is UNCOND 


and POL = 0. 


10136-022A 








Am29CPL154 3-111 


Am29CPL154 INSTRUCTION SET DEFINITION (Continued) 


Opcode Mnemonic 
0B DEC 


Description 


IF (cond) THEN DEC 
Conditional decrement of 

the CREG. The instruction is 
executed with a forced PASS 
condition if the test field is UN- 
COND and POL = 1. The in- 
struction is executed with a 
forced FAIL condition if the test 
field is UNCOND and POL = 0. 


oc DECPL WHILE (CREG < > 0) WAIT 

ELSE LOAD PL (data) 

Conditional Hold until the counter 
is equal to zero, then load CREG 
from the PL (DATA field). This 
instruction is intended for timing 
waveform generation. If the CREG 
is not equal to zero, the same 
instruction is refetched while CREG 
is decremented. Timing is complete 
when the CREG is equal to zero, 
causing the next instruction to be 
fetched and the CREG to be re- 
loaded from PL. This instruction 
does not depend on the pass/fail 
condition. 


WHILE (CREG < > 0) WAIT 

ELSE LOAD TM (data) 

Conditional Hold until the counter is 
equal to zero, then load CREG from 
the TM (T[7:0] under bitwise mask 
from the 8 LSBs of the DATA field). 
This instruction is intended for timing 
waveform generation. If the CREG is 
not equal to zero, the same instruct- 
tion is refetched while the CREG is 
decremented. Timing is complete 
when the CREG is equal to zero, 
causing the next instruction to be 
fetched and the CREG to be re- 
loaded from T*M. This instruction 
does not depend on the pass/ail 
condition. The MSB of the branch 
address will be the MSB of the DATA 
field. 


OE DECTM 


Register Transfer 


Execution Example Description 


If (cond = true) Then 
CREG = CREG -1 
PC = PC +1 

Else 
PC =PC+1 


30 


ma 


CREG DECREMENTER 


p 


s 10135-029A 


While (CREG < > 0) 
CREG = CREG ~-1 
PC = PC 

End While 

CREG = PL(data) 

PC =PC +1 


CREG DECREMENTER 





CREG+#0 


CD 


ae : 10135-030A 
32 4 ieee eas 


CREG 


O<— PL (DATA) 


While (CREG < > 0) 
CREG = CREG -1 
PC =PC 
End While 
CREG =T*M 
PC =PC+1 
CREG DECREMENTER 


fc) CREGYO x 





CREG 


10135-031A 





1D DECGOPL If (cond) THEN GOTO PL (data) 
ELSE WHILE (CREG < > 0) WAIT 
Conditional Hold/Count. The current 
instruction will be refetched and the 
CREG decremented until the condi- 
tion under test becomes true or the 
counter is equal to zero. If the condi- 
tion becomes true, a branch to the 
address in the PL (DATA field) is 
executed. If the counter becomes 
zero without the condition becoming 
true, a CONTINUE is executed. The 


EQ flag will be reset if the test field CREG-0 p 


selects it and the condition passes. 
The instruction is executed with a 
forced PASS condition if the test 
field is UNCOND and POL = 1. The 
instruction is executed with a forced 
FAIL condition if the test field is 
UNCOND and POL = 0. 


While (cond = false) 
lf (CREG <> 0) 
CREG = CREG ~-1 
PC =PC 
Else 

PC =PC+1 

End While 


CREG DECREMENTER 5¢_ pL (data) 






F and CREGz0 


PL (DATA) 


40 
10135-032A 


, 41 
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Am29CPL154 INSTRUCTION SET DEFINITION (Continued) 


Register Transfer 


Opcode Mnemonic Description Execution Example Description 
1A WAITPL IF (cond) THEN GOTO PL (data) If (cond = true) Then 
ELSE WAIT PC = PL (data) 
Conditional Hold. The current Else 
instruction will be refetched and PC = PC 


executed until the condition under 
test becomes true. When true, a 
branch to the address in the PL 
(DATA field) is executed. The EQ 
flag will be reset if the test field 
selects it and the condition 
passes. The instruction is exe- 
cuted with a forced PASS con- 
dition if the test field is UNCOND 
and POL = 1. The instruction is 10135-033A 
executed with a forced FAIL con- 

dition if the test field is UNCOND 





and POL = 0. 

1B WAITTM _ IF (cond) THEN GOTO TM (data), If (cond = true) Then 
ELSE WAIT PC =T*M 
Conditional Hold. The current Else 
instruction will be refetched and PC =PC 


executed until the condition under 
test becomes true. When the 
condition is true, a branch to the 
T*M address (T[7:0] under bitwise 
mask from the eight LSBs of the 
DATA field) is executed. The EQ 
flag will be reset if the test field 
selects it and the condition passes. 
The instruction is executed with a 
forced PASS condition, if the test 
field is UNCOND and POL = 1. The 
instruction is executed with a 
forced FAIL condition, if the test 
field is UNCOND and POL = 0. The 10136-023A 
MSB of the branch address will be 

the MSB of the DATA field. 





08 LPPL WHILE (CREG < > 0) LOOP 
TO PL (data) 
Conditional loop to the address 
in the PL (DATA field). This 
instruction is intended to be 
placed at the bottom of an 31 
iterative loop. If the CREG is 
not equal to zero, it is decre- 
mented (signifying completion 
of an iteration), and a branch 
to the PL (DATA field) (top of the 
loop) is executed. If the CREG is 
equal to zero, looping is complete 
and the next sequential instruction 
is executed. This instruction does 
not depend on the pass/fail con- 10135-034A 
dition. The EQ flag will be reset if 
the test field selects it and CREG is 
not equal to zero. 


While (CREG < > 0) 
CREG = CREG -1 
PC = PL (data) 

End While 

PC =PC+1 






| PL (DATA) 
CREG =0 x 
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Am29CPL154 INSTRUCTION SET DEFINITION (Continued) 


Opcode Mnemonic 


OA LPTM 


Description 


WHILE (CREG < > 0) LOOP 

TO TM (data) 

Conditional loop to the address 
T*M (T[7:0] under bitwise mask 
from the eight LSBs of the DATA 
field). This instruction should be 
placed at the bottom of an iterative 
loop. If CREG is not equal to zero, 
it is decremented (signifying com- 
pletion of an iteration), and a 
branch to the address specified by 
T*M (top of the loop) is executed. If 
CREG is equal to zero, looping is 
complete and the next sequential 
instruction is executed. This does 
not depend on the pass/fail cond- 
ition. The EQ flag will be reset if 
the test field selects it and CREG is 
not equal to zero. The MSB of the 
branch address will be the MSB of 





Execution Example 


Register Transfer 
Description 


While (CREG < > 0) 
CREG = CREG -1 
PC = 1T*M 

End While 

PC =PC+1 


10136-024A 


the DATA field. 


OF LPSTK 


WHILE (CREG < > 0) LOOP TO 
(STACK) 

Conditional loop to the address in 
the TOS. If CREG + 0, the CREG 
is decremened and a branch to 
the TOS address is executed. If the 
CREG = 0, looping is complete, 
the stack is popped, and the next 
sequential instruction is executed. 
This instruction does not depend 
on the pass/fail condition. The EQ 
flag will be reset if the test field 
selects it and CREG is not equal to 
zero. 





While (CREG < > 0) 
CREG = CREG -1 
PC = TOS 

End While 

TOS = STACK 

PC =PC+1 


CREG DECREMENTER 


STACK 


10136-025A 


oD CONT 
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CONTINUE 

The next sequential instruction 
is fetched unconditionally. This 
instruction can be used to 
reset the EQ flag by selec- 
ting EQ in the TEST field. 


31 


32 


Am29CPL154 


PC = PC +1 


10135-036A 





Am29CPL154 INSTRUCTION SET DEFINITION (Continued) 


Register Transfer 
Opcode Mnemonic Description Execution Example Description 


01 OUTPUT _IF (cond) THEN OUTPUT If (cond = ture) Then 
The CREG contents will be P[1] and P[15:8] = CREG 
output on pins P[1] and P[15:8] PC =PC+1 
during the next clock cycle. Else 
Care should be taken to ensure F PC =PC+1 
that the outputs are enabled for 30 
the next sequential instruction Pipeline Register 
by setting the microcode bit OE ; CREG 
= 1. The instruction is executed 
with a forced PASS condition, if ae) Eee ries 0 
the test field is UNCOND and 
POL = 1. The instruction is exe- 
cuted with a forced FAIL con- 32 
Gition, if the test field is 10136-026A 
UNCOND and POL = 0. 


10-13 CMP CMP TM (mask) TO PL (constant) Compare T*M and 
(100XX This instruction performs bitwise CONSTANT 
binary) Exclusive-OR of T*M (T[7:0] under bit- 30 EQ = ((T [7:0] .AND. 
wise mask from the MASK field) with MASK) 
CONSTANT (P[31:24)]). If T*M equals .XNOR. CONSTANT) 
CONSTANT, the EQ flag is set to 31 (e)T*M¢CONST .OR. EQ 
one, which may be branched on in a CX SET EQ FLAG PC =PC+1 
following instruction. If not equal, the ye 
EQ flag is unaffected. This allows ser 
sequences of compares, in a manner 32 T*M=CONST 
analogous to sum-to-products, to be 
performed which can be followed 
by a single conditional branch if one 33 
or more of the comparisons are true. 10135-037A 
Note: The EQ flag is set to zero on 
reset or when EQ is selected as the 
test condition in a branch. Conditional 
returns on EQ leave the flag un- 
changed. Constant field bits that corre- 
spond to masked test field bits must 
be zero. This instruction does not 
depend on the pass/fail condition. 
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INSTRUCTIONS BASED ON TEST CONDITIONS 
: aaa 2 


Condition Pass 


Oo 
fe) 
=} 
rad 
3 
3 
ba 2 | 
© 






: Assembler 





CALTM 3,6 


fi 


IF (cond) THEN CALL | T Push | Hold | Reset] PC+1] Hold 
| | | TM (data) — | PC +1 | | 
1F | GOTOTM 


; 
IF (cond) THENGOTO| 1M Hold | Reset] PC+1| Hold | Hold | NC | 
TM (data) : | | 


| Op- EQ | Pc | | 
| code| Mnemonic] Statement STACK | CREG | FLA MUX STACK | CREG | FLAG | Notes 
RETPL | iF (cond) THEN RET, | TOS | Pop | Load | NC | PC+1 Hold | Hold | NC 
= LOAD PL (data) ee a Sees | 
: | OUTPUT | IF (cond) THEN |PC +1 NC | PC +1 Hold | Hold | NC | 1 
a2 [RET | iF conay THEN RET | TOS | Pop [How | NC [Pc+i] How | How | NO | 5 
GOTOSTK | IF (cond) THEN TOS | Reset} PC + 1 Hold Hold | NC | | 
saa __| GOTO (STACK) | | eel | 
| LDPL | IF (cond) THEN LOAD | PC +1] Hold | Load | NC | PC+1 Hold | Hold | NC 
jo Pk (data) | PL sass easel 
| PSHCNTR | IF (cond) THEN ;PC+1] Push | NC | PC+1 Hold | Hold | NC | 
| | ____| PUSH (CREG) CREG ae oes, i | 
| LDTM | IF (cond) THEN LOAD | PC + 1 Load | NC | PC+1 | Hold |} NC 
eee eres L/L) a hee MN MEL | gene! 
Bic Ese al Ral id Mi Ll Md lO 
: POP | | | 
[08 [DEC | (cond) THENDEG | PO+1| Hold | DEC | NO |PO+1| Hod | How | NO |_| 
| 14 | PSHPL | IF (cond) THEN PUSH,} PC +1] Push | Load | NC | PC+1 Hold | Hold | NC 
ae | LOAD PL (data) Eo ee PE | | oe ee a 
= | | | PC +1 ree St) 
| 16 | PSHTM IF (cond) THEN PUSH,| PC +11 Push | Load | NC | PC +1 Hold | NC 
| LOAD TM (data) | ;PC+1 | TM {| | | | 
| 17 | POPCNTR } IF (cond) THEN PC +1 Load | NC | PC +1 | Hold | NC 
| _ | POPTO(CREG) —s TOS | : | 
| 18 | FORK IF (cond) THEN GOTO| PL Hold | Hold | Reset} TOS | Hold | Hold | NC 3 | 
| PL (data) ELSE GOTO | | 
| (STACK) _ ale | | | | 
19 | GOTOPL | IF (cond) THENGOTO| PL j Hold | Hold | Reset] PC +1] Hold | Hold | NC 3 | 
eens _| PL (data) a lene | | 
| 1A | WAITPL IF (cond) THEN GOTO| PL Hoid | Reset PC | Hold NC | 3 
jo Pk (data) ELSE WAIT | | | | aoe 
1B | WAITTM | IF (cond) THENGOTO| TM | Reset PC | Hold | NC | 3 
TM (data), ELSE | ) | 
| __| WAIT | | a 5 See) eee | 
10 | CALPL IF (cond) THEN CALL PL Push | Reset | PC +1 Hold | Hold | NC 3,6 
| PL (data) _ | PC + 1 | | 


Key: PC = Program Counter Notes: 
TOS = Top of Stack 1. If condition Passes, Output CREG contents on next 
CREG = Counter Register clock cycle. 
PL = Pipeline (data) Field 2. If Condition = EQ, reset EQ flag. 
TM (data) = Test Inputs Masked by DATA Field 3. If Condition = EQ and Conditon Passes, reset EQ flag. 
TM (mask) = Test Inputs Masked by MASK Field 4. If Condition = EQ and CREG <0, reset EQ flag. 
DEC = Decrement 5. When Stack is popped, the next value in the Stack is 
NC = No Change transferred to TOS. 
6. When Stack is pushed, TOS is transferred to next available 


Stack location before value is written into TOS. 
7. Set EQ Flag if CONST field = T*M. 
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INSTRUCTIONS DEPENDENT ON CREG 












Assembler 
ie Mnemonic | Statement STACK 
LPPL | WHILE (CREG <>0) |PC+1| Hold NC me 
_LOOP TO PL (data) 
LPTM WHILE (CREG <>0) | PC +1] Hold NC T™ Hold DEC | Reset 4 
LOOP TO TM (data) 3 
OC } DECPL WHILE (CREG <>0) | PC +1 - . NC PC Hold | DEC NC 
WAIT ELSE LOAD 
PL (data) 
| DECTM WHILE (CREG <> 0) l PC +1] Load NC PC Hold DEC | NC 
WAIT ELSE LOAD T™ 
TM (data) 
oF | LPSTK WHILE (CREG <>0) | PC +1 NC TOS Hold DEC 
LOOP TO (STACK) 
INSTRUCTIONS DEPENDENT ON TEST commen eS AND A VALUE 
| Condition Pass Pass | Condition Fail =| Fail 
Op- CREG PC EQ PC EQ 
| code| Mnemonic | | Content | MUX | STACK | CREG | FLAG | MUX |STACK |CREG | FLAG| Notes 
1D | DECGOPL 


UNCONDITIONAL INSTRUCTIONS 


PC EQ 
Assembler .aaeataae _ STACK CREG Pr 


oa PCoNTINUE | PCat | 


10-13 
100XX 
















Assembler 
Statement 
IF (cond) 
THEN GOTO 
PL (data) 

ELSE WHILE 
(CREG <> 0) 
WAIT 






















Key: PC = Program Counter 
SREG = Stack Register 
CREG = Counter Register 
PL = Pipeline (data) Field 


TM (data) = Test Inputs Masked by DATA Field 
TM (mask) = Test Inputs Masked by MASK Field 


DEC = Decrement 
NC = No Change 
Notes: 


1. lf condition Passes, Output CREG contents on next clock cycle. 
If Condition = EQ, reset EQ flag. 
lf Condition = EQ and Conditon Passes, reset EQ flag. 


lt Condition = EQ and CREG < 0, reset EQ flag. 


When Stack is popped, the next value in the Stack is 
transferred to TOS. 


6. When Stack is pushed, TOS is transferred to next available 
Stack location before value is written into TOS. 


7. Set EQ Flag if CONST field = T*M. 


oi UN 
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Am29CPL154 SSR Diagnostics Option 


As aprogrammable option, the Am29CPL154 FPC may 
be configured to contain Serial Shadow Register (SSR) 
diagnostics capability. SSR diagnostics is a simple, 
straightforward method of in-system testing to isolate 
problems down to the IC level. 


The SSR diagnostics configuration activates a 36-bit- 
wide D-type register called a “shadow” register, on the 
pipeline register inputs. The shadow register can be 
serially loaded from the SDI pin, parallel loaded from the 
pipeline register, or held. The pipeline register can be 
loaded from the Program Memory in normal mode or 
from the shadow register during diagnostics. A redefini- 


tion of four device pins is required to control the different 
diagnostics functions. T[7] also functions as the Serial 
Data Input (SDI), P[0] becomes the Serial Data Output 
(SDO), P[7] becomes the diagnostic clock (DCLK), and 
P[{6] becomes the diagnostic mode control (MODE). The 
various diagnostic and normal modes are shown in table 
4. 


Serially loading a test instruction into the shadow regis- 
ter and parallel loading the shadow register contents 
into the pipeline register forces execution of the test in- 
struction. The test result can then be clocked into the 
pipeline register as in normal operation mode, parallel 
loaded into the shadow register, and serially shifted out 
for system diagnostics. 


Table 4 










Notes: 


| Outputs 
“Shadow Pipeline 
Register Register 
H,L, = Si1< Si Hold | Serial Right — Shift. 
| S3s< SDI | | Shadow Register 
Hold Pj — EPROM; Normal Operation: 
Load Pipeline 
a | Register from EPROM 
L H T | HL, L Sic Pj Hold Load Shadow Register 
from Pipeline Register 
— | | | . (Note 2) 
Hold Pi S Load Pipeline Register 
| from Shadow oe 





Operation 


1. During normal operation, this pin behaves as the T[7] test input. 


2. $7, S6 are undefined. S[15:8] load from the source driving pins P[15:8]. If P[35] in the microword is a ONE, S[15:8] are 
loaded from the pipeline register. If P[35] in the microword is a ZERO, S[15:8] are loaded from an external source. 


Key: H = HIGH 
L = LOW 
X = Don't Care 
T = LOW-to-HIGH transition 
L = HIGH-to-LOW transition 
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DCLK 
SDI 


Mode 


CLK 


P[15:8] 


Y SSR 7 
Register Pas 









SDO 


P[5:0] 


10136-027A 


Figure 3. SSR Diagnostics Logic 


Erasure 


In order to fully erase all memory locations, it is neces- 
sary to expose the memory array to a standard ultravio- 
let light source having a wavelength of 2537 angstroms. 
The minimum recommended dose (UV intensity x expo- 
sure time) is 15 Wsec/cm*. For a UV lamp with a 12 mW/ 
cm? power rating, the exposure time would be about 30 
minutes. The device should be located one inch fromthe 
source in a direct line. 


It should be noted that erasure will begin with exposure 
to light having wavelengths less than 4000 angstroms. 


Am29CPL154 


To prevent exposure to sunlight or fluorescent lighting, 
an opaque label should be affixed over the window after 
programming. 


OTP (One-Time Programmable) Am29CPL154 devices 
are available in plastic and are ideal for volume produc- 
tion. They can be inventoried unprogrammed and used 
with current software revisions; there is no window to be 
covered to prevent light from changing data. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) 

Power Applied —55°C to +125°C Operating in Free Air 0°C to +75°C 

Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground -—0.5 Vto +7.0 V with Respect to Ground +4.5V tO +5.5V 

DG Input Voltage . 0.3 V to Vec + 0.3-V Operating ranges define those limits between which the func- 
DC Output or /O Pin Voltage -—0.3 V to Voc + 0.3 V tionality of the device is guaranteed. 


DC Input Current —10 mA to +10 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 


Parameter | | | | | | | 
Symbol | Parameter Description | Test Conditions _ | sts Min | 
VoH Output HIGH Voltage loo = -3.0 MA Vin = Vin or Vit 2.4 | | Vv 
| _ — Ve = Min. aenre 
Vo Output LOW Voltage lo. = 16 mA Vin = Vin or Vit : Vio] 
| | ciate _Vec = Min. fesse | | 
Vin Input HIGH Voltage Guaranteed Input Logical HIGH | V 
| | Voltage for all Inputs (Note 1) __ | 
| Input LOW Voltage Guaranteed Input Logical LOW | V 
___{ Voltage for all Inputs (Note 1) 7 
input HIGH Leakage | Vin = Voc — 0.5 V, Veco = Max. | |} 10] pA 
Current | _| (Note 2) 
Input LOW Leakage Vin = 0.5 V, Voc = Max. (Note 2) pA 
Current _ 

















5V, x. ( a 
Off-State Output Leakage | Vout = 2.4 V, Vcc = Max. 10 | pA 
Current HIGH Vin = Vin or Vit (Note 2) _ | 


Off-State Output Leakage | Vout = 0.5 V, Vcc = Max | —10 | pA 
Current LOW Vin = Vin or Vit (Note 2) 


Supply Current 


Vit 
loz 
” Ouipuis Ope" | cMOS|Vw=GNDorvec | | 115 | ma 
Cpp Power Dissipation Voc = Max. 
Capacitance Ta = 25°C | 100 pF Typical 
__| (Note 3) No Load _ | | | | 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 






2. VO pin leakage is the worst case of Ii_ and lozz (or hq and lozp). 


3. The dynamic current consumption is: 
icc (Total) = loc (Static) + (Cpp + nCL) Vcc (f/2), where f is the clock frequency, Cy = the output load capacitance, and n is 
the number of loads. 
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CAPACITANCE (Note 1) 


PS [rome owcoen —[ronconmon | w. [ 
Symbol Parameter Description Test Conditions | 
Ta = -55°C to +125°C pF 











Output Capacitance Vout = 2.0 V f= 1 MHz 





Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Note 2) 


Parameter 
Symbol Parameter Description 


CLK to P[15:0] 
CLK to A[8:0] 
| T[7:0] to CLK, Registered 
CLK to T[7:0] 
(Note 4) CLK to RESET 


RESET to CLK, Registered 
| tpzx | CLK to P[15:8] Enable 


RESET to CLK, Asynchronous | 30 
(Note 3) 


T[7:0] to CLK, Asynchronous 3 
Note 3 


CLK Width 
HIGH 
CLK Period (Note 3) 3 


tco 
tH 
PXZ CLK to P[15:8] Disable 
tw 
WH 


=e 





13 
14 


Note: 
2. See Switching Test Circuit for test conditions. 
3. These parameters are measured indirectly on unprogrammed devices. They are determined as follows: 


a. Measure delay from input (T[7:0], RESET, or CLK) to EPROM address out in test mode. This will measure the 
delay through the sequence logic. 

b. Measure setup time from T[7:0] input through EPROM test columns to pipeline register in verify test column mode. 
This will measure the delay through the EPROM and register setup. 

c. Measure delay from T[7:0] input to EPROM address out in verify test column mode. This will measure the delay 
through the logic and P[15:0] outputs. 


To calculate the desired parameter measurement, the following formula is used: 
Measurement (a) + Measurement (b) — Measurement (c) 








CLK PERIOD: RESET to CLK setup time: 
CLK (a) + (b) — (c) = CLK PERIOD RESET (a) + (b) — (c) = RESET to CLK setup time 
T[7:0] to CLK setup time: 


T{[7:0] (a) + (b) — (c) = T[7:0] to CLK setup time 
4. These hold time parameters are tested on a sample basis. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Continued) 


















” 
on 
| 
= 
| = 
© 
c 
3 
i] 
| & | 
ro) 
i 


| Min. 
fe 
[Mode S00 SSCSC—~—C~SCSC~SSC*” 
[soiescoSss—CS—SYSCS” 
Tockwsoo—Ss—=—“CS~S~—sSSC*d 
[ModetocikSC~=“C~*~‘“‘~*dCiC* 
[Modesto DCLKSSSCS~dSCi 
Pspio DcLK SSCS 
[otk te Meds 
TpcuktoMode—SS—=—~—“—~*~sSC Sd 
PpeuktosorSC—C—~“s*S*~*~sSC‘i 
Se rineeichins 

| 20 | 

[a0 


rik 
OQ 


DCLK Width | 
| HIGH 
DCLK Period — 








w | ro 
| w iu jo 
aSIo!lo| | 


lon |p |r] w 
a] a IPS 





50 





Note: 
1. These hold time parameters are tested on a sample basis. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —~65°C to +150°C Military (M) Devices 

Ambient Temperature with Ambient Temperature (Ta) —55°C to +125°C 
Power Applied ~55°C to +125°C Operating in Free Air 

Supply Voltage with Supply Voltage (Vcc) with +4.5V to +5.5V 
Respect to Ground —0.5Vto +7.0V Respect to Ground 

De npal vonage ee EON Cee OS Y Operating Ranges define those limits between which the func- 
DC Output or I/O Pin Voltage -0.3V to Vcc +0.3V tionality of the device is guaranteed. 

DC Input Current -10 mA to +10 mA 

Stresses above those listed under Absolute Maximum Rat- . 

. Fee Note: 

ings may cause permanent device failure. Functionality at or 

above these limits is not implied. Exposure to Absolute Maxi- 1. Military products are tested at Tc = 25°C, 125°C and 
mum Ratings for extended periods may affect device reliabil- 55°C. 


ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


DC CHARACTERISTICS over MILITARY operating range unless otherwise specified 


Parameter | 
| Symbol | Parameter Description | Test Conditions — , 
Vou Output HIGH Voltage lod = -1.0 MA Vin = Vin or Vit 2.4 V 
Vcc = Min. | | | 
VoL Output LOW Voltage lo. = 12 MA Vin = Vin Or Vit 0.5 V 
_ a eee MI {an 
Vin Input HIGH Voltage | Guaranteed Input Logical HIGH 2.0 V 
| | | | Voltage for all Inputs (Note 1) | : 
Vit Input LOW Voltage Guaranteed Input Logical LOW | V 
| Voltage for all Inputs (Note 1) 


hy | Input HIGH Leakage Vin = Voc —0.5 V, Voc = Max. | 10 | pA | 
| _ | Current (Note 2) = 


















Input LOW Leakage Vin = 0.5 V, Voc = Max. (Note 2) 
| Current 


lozH Off-State Output Leakage | Vout = 2.4 V, Vcc = Max 
| Current HIGH Vin = Vin or Vit (Note 2) 


Off-State Output Leakage | Vout = 0.5 V, Vcc = Max —10 
Current LOW Vin = Vin or Vit (Note 2) 


















| Supply Current Outputs Open CMOS | Vin = GND or Voc | 
(lour = 9 MA) [TT TVin = 0.5 Vor2.4 V 


Vcc = Max. 















Power Dissipation 
Capacitance 
(Note 3) 






100 pF Typical 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. W/O pin leakage is the worst case of li_ and lozt (or li and loz). 


3. The dynamic current consumption is: 
Icc (Total) = Icc (Static) + (Cpp + nC.) Vcc (f/2), where f is the clock frequency, C,. = the output load capacitance, and n is 
the number of loads. 
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CAPACITANCE (Note 1) 


Parameter _ _ 3 7 
| Symboi | Parameter Description Test Conditions | , 


Input Capacitance RESET Vin=2.0V Veco = 4.5 Vt0o5.5V 








= | Others | Ta = -55°C to +125°C 
Output Capacitance _ Vout=2.0V | f=1MHz 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 






SWITCHING CHARACTERISTICS over MILITARY operating range (for APL Products, Group 
A, Subgroups 9, 10, 11 are tested unless otherwise noted) (Note 2) 








Symbol Parameter Description 
| CLK to P[15:0] 
CLK to A[8:0] 








T[7:0] to CLK, Registered | 
T[7:0] to CLK, Asynchronous 
(Note 3) | 
RESET to CLK, Registered _ 
| RESET to CLK, Asynchronous 
| (Note 2) 








i > : df 


tco 

7 th 
| 8 | (Note 4) 
| 9 | tex 
| 10 | texz 
ae ere 
38 te _CLK Period (Note 3) _ Za 40 | 
| 14 | tux | MaximumFrequency (tte) | 
Note: 


2. See Switching Test Circuit for test conditions. 


CLK to T[7:0] 
CLK to RESET 
CLK to P[15:8] Enable _ 


CLK to P[15:8] Disable 

















3. These parameters are measured indirectly on unprogrammed devices. They are determined as follows: 
a. Measure delay from input (1[7:0], RESET, or CLK) to EPROM address out in test mode. This will measure the 
delay through the sequence logic. 


b. Measure setup time from T[7:0] input through EPROM test columns to pipeline register in verify test column mode. 
This will measure the delay through the EPROM and register setup. 

c. Measure delay from T[7:0] input to EPROM address out in verify test column mode. This will measure the delay 
through the logic and P[15:0] outputs. 
To calculate the desired parameter measurement, the following formula is used: 
Measurement (a) + Measurement (b) - Measurement (c) 


CLK PERIOD: RESET to CLK setup time: 
CLK (a) + (b) — (c) = CLK PERIOD RESET (a) + (b) — (c) = RESET to CLK setup time 
T[7:0] to CLK setup time: 


T[7:0] (a) + (b) — (c) = T[7:0] to CLK setup time 
4. These hold time parameters are tested on a sample basis. 
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SWITCHING CHARACTERISTICS over MILITARY operating range (Continued) 


Parameter 
Symbol Parameter Description 


SSR Configuration 












Mode to SDO 
SDI to SDO 


DCLK to SDO 


17 | too | 
=n Mode to CLK 











Mode to DCLK 























| 20 | SDI to DCLK 

P[15:8] to DCLK 

| 22 | CLK to Mode 

(Note 1) DCLK to Mode 

See DCLK to SDI 

| 25 | DCLK to P[15:8] 

| 26 | tm | DCLK Width 
i seas ON SRN 2 3 
| 28 | ote DCLK Period 


Note: 
1. These hold time parameters are tested on a sample basis. 


Am29CPL154H-25 (Mil) 3-125 


SWITCHING WAVEFORMS 
Normal Configuration 


T[7:0], 
Registered 
Mts ier se tH 


CLK 


tco" ) 


PSO XXX XK vr 
Ago) Bw XXX KXKKXKK : 


10136-028A 
Registered Test Inputs 

mre RY 
Async 

roe : = | 
CLK : f VT 

tco”) > 
P{15:0] _ Nees vr 
| = ee S 
“vo ROI 
10136-029A 


Asynchronous Test inputs 


3-126 Am29CPL154 


SWITCHING WAVEFORMS (Continued) 
Normal Configuration 
















RESET, | 
Registered | VT 
ts 5 ty® 
CLK . Vr 
a tco""” 
OY 
P[15:0] IAA N\DAAA T 
10136-030A 
Registered RESET 
RESET, 
Async VT 
CLK 
P[15:0] Vr 
10136-031A 
Asynchronous RESET 
CLK Vr 
P[15:8] 5 | FILLE LLY " 
oe | TTHTT Vato5V \A\ANAANA 
10136-032A 
CLK to Output Disable/Enable 
CLK 
tp(?3) 

10136-033A 


Clock Width/Period 
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SWITCHING WAVEFORMS (Continued) 








SSR Configuration 
MODE Vr 
ty!22) 
tpp""®) tppt'® 
XXXXXOK_XXXKKY 
eo AAAI AAAS 
CLK VT 
: tco” 
P[15:8, 5:0] Vr 
10136-034A 
Load Pipeline Register from Shadow Register 
tH’) 
SDI j Vr 
tpp'9 tpp'9 ts™ tHe 
| : , 
DCLK Vr 
tsi2") ty!25) 
10136-035A 


Load Shadow Register from Pipeline Register and/or Pins 
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SWITCHING WAVEFORMS (Continued) 
SSR Configuration 


MODE 
\ A Nt 


SDI 


DCLK 


SDO 





10136-036A 


Shift Shadow Register 





DCLK 





tp'2) 





10136-037A 


DCLK Width/Period 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


AW. 


SWITCHING TEST CIRCUIT 


5V 







Output © fe) Test Point 


Three-State Outputs 











Specification 


Closed 


: H -»Z: Open 
L—+2Z:Closed | 






L 


Note: 


= 10135-053A 


| tpzx Z — H: Open 50 pF 
Z —L: Closed 667 Q 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care; 
Any Change 
Permitted 


Does Not 
Apply 





| Commercial | puulaly Measured 
cq [ R: [ Re | RP | Re |  Outputvalue 


| Re 


Pulse generator for all pulses: Rate < 1.0 MHz; Zo = 50 Q: tr < 2.5 ns. 
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OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from Lto H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Oft” State 


KS000010-PAL 


5V 
Ry 
Output Test Point 
CL 


10135-054A 
Two-State Outputs 






667 Q 


Ra 
5kQ | 
L—-Z: Vo. +0.5V | 


TEST PHILOSOPHY AND METHODS 


The following eight points describe AMD’s philosophy 
for high volume, high speed automatic testing. 


1. 


Ensure that the part is adequately decoupled at the 
test head. Large changes in Vcc current as the de- 
vice switches may Cause erroneous function failures 
due to Vcc changes. 


. Do not leave inputs floating during any tests, as they 


may start to oscillate at high frequency. 


. Do not attempt to perform threshold tests at high 


speed. Following an output transition, ground cur- 
rent may change by as much as 400 mA in 5-8 ns. 
Inductance in the ground cable may allow the ground 
pin at the device to rise by hundreds of millivolts mo- 
mentarily. 


. Use extreme care in defining point input levels for AC 


tests. Many inputs may be changed at once, so there 
will be significant noise at the device pins and they 
may not actually reach Vii or Vin until the noise has 
settled. AMD recommends using Vi_ < 0 V and 

Vin > 3.0 V for AC tests. 


. To simplify failure analysis, programs should be de- 


signed to perform DC, function, and AC tests as 
three distinct groups of tests. 


. Capacitive Loading for AC Testing 


Automatic testers and their associated hardware 
have stray capacitance that varies from one type of 
tester to another but is generally around 50 pF. This, 
of course, makes it impossible to make direct meas- 
urements of parameters which call for smaller ca- 
Pacitive load than the associated stray capacitance. 
Typical examples of this are the so-called “float de- 
lays,” which measure the propagation delays into the 


high-impedance state and are usually specified at a 
load capacitance of 5.0 pF. Inthese cases, the testis 
performed at the higher load capacitance (typically 
50 pF), and engineering correlations based on data 
taken with a bench setup are used to predict the re- 
sult at the lower capacitance. 


. Threshold Testing 


The noise associated with automatic testing (due to 
the long, inductive cables) and the high gain of the 
tested device when in the vicinity of the actual! device 
threshold, frequently give rise to oscillations when 
testing high-speed circuits. These oscillations are 
not indicative of a reject device but instead of an 
overtaxed test system. To minimize this problem, 
thresholds are tested at least once for each input pin. 
Thereafter, “hard” high and low levels are used for 
other tests. Generally this means that function and 
AC testing are performed at “hard” input levels rather 
than at Vit Max. and Vin Min. 


. AC Testing 


Occasionally, parameters are specified that cannot 
be measured directly on automatic testers because 
of tester limitations. Data input hold times often fall 
into this category. In these cases, the parameter in 
question is guaranteed by correlating these tests 
with other AC tests that have been performed. These 
correlations are arrived at by the cognizant engineer 
by using precise bench measurements in conjunc- 
tion with the knowledge that certain DC parameters 
have already been measured and are within spec. 


insome cases, certain AC tests are redundant, since 
they can be shown to be predicted by some other 
tests which have already been performed. In these 
cases, the redundant tests are not performed. 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 


Driven Input 





10135-050A 


Thermal Inpedance Values (@ya), Typical 

28-Pin Plastic SKINNYDIP (PD3028) 

28-Pin Windowed Ceramic SKINNYDIP (CDE028) 

28-Pin Plastic Leaded Chip Carrier (PL 028) 

28-Pin Windowed Ceramic Leadless Chip Carrier (CLV028) 





50°C/W 
40°C/W 
55°C/W 
55°C/W 


Output 


10135-051A 
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Am2971A ncvances 


Micro 
Enhanced Programmable Event Generator (PEG) ™ Devices 





DISTINCTIVE CHARACTERISTICS 

m@ Generates arbitrarily defined output m Crystal-controlied on-chip oscillator 
sequences on 12 parallel outputs 

m@ Timing resolution down to 10 ns 


m@ internal frequency-multiplying Phase-Locked 
Loop (PLL) 


GENERAL DESCRIPTION 


The PEG is a versatile source of 12 simultaneous timing 
sequences. It can act as a digital substitute for multiple 
tapped delay lines or as a general-purpose user-pro- 
grammabie waveform generator. 


Timing is derived from an external TTL source or an, 
chip crystal oscillator, combined with an on-cp 


BLOCK DIAGRAM 


™ Programmable trigger polarity and STOP 
function 




















































Ao Start Address 
Start Address es 
A, Generator 32x 18 . 
40 Fuses : ie 
: ( ) Next Address/Event 2: 
2 wee 
Generator ies 
(576 Fuses) 
SELECT 
Control 
TRIG Logic 
g > Register 
FLTR Next Address 
CLKUX , 
Control 
x (5 Fuses) . 
2 To-44 
CLKOUT 


05280-001A 













| Publication # 05280 Rev. E Amendment /0 





PAL isa registered trademark of Advanced Micro Devices, Inc.; 
PEG and AmPEGASUS are trademarks of Advanced Micro Devices, Inc. 





issue Date: January 1990 
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CONNECTION DIAGRAMS 




























DIP LCC* 
eo. 93 83 & 8 o 5 
PLLGND [_}1 24[_]PLL Veg ce GO OF > i 8 
Oo O° 
FLTR[ 2 231] TRIG zzZz2a@ a a. ak a 
NOOOOeaanaE 
Xo[_}3 221 | CLKOUT " $5 o463¢éC+~;« aa 43 40 
ee NC e NC 
CLHX , [7] 4 att] M14 Xo re 
A,[]5 20{ ] Ty CLK/X, Ty 
A.C 46 19[7] 19 Ap Tro 
Aol]? 18[_] Ts “ ‘8 
N NC 
ToL]8 17{_] T7 - 
0 Ts 
T, [19 16] | T¢ : : 
0 7 
T, [-] 10 6f ]'s = i 
T3011 14[—] 4 NC NC 
TTL GND [~_} 12 13[ ] TTL Voe NC 2 TX nc 
; 9 23 4 5 
i THOAC 
$$ ee 2 2 © 8 we 
05280-002A a E E E 05280-003A 
* Top View, JEDEC type-C package (NC = No Connection) 
LOGIC SYMBOL 
CLKOUT | 
Xo 
Approximate Gate Count: 100 Die Size: 0.173” x 0.257” 
05280-004A 





THERMAL CHARACTERISTICS 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several Raedee and operating ranges. The order number (Valid Combination) 
is formed by a combination of: Device Number 

. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


ow 9) 


AM2971 A D Cc 


Lo e. OPTIONAL PROCESSING 


Biank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 





c. PACKAGE TYPE 
D = 24-Pin Ceramic DIP (CD 024) 
L = 44-Pin Square Ceramic Leadiess 
Chip Carrier (CL 044) 
X = Dice 
b. SPEED OPTION 
A = 100 MHz 


a. DEVICE NUMBER/DESCRIPTION 
Am2971A 
Enhanced Programmable Event Generator 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 


‘Valid Combinsitons 
AM2971A | DC, LC, xe 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. 


APL eevee Products List) products are fully compliant with MIL-STD-883C requirements. The order number 
ombination) is formed by a combination of: a. Device Number 

. Speed Option (if applicable) 

Package Type 

Temperature paige 

Optional Processing 


(Vali 


2a95 


AM2971 


. LEAD FINISH 
A = Hot Solder Dip 


. PACKAGE TYPE 

J = 24-Pin Ceramic DIP (CD 024) 

U = 44-Pin Square Ceramic Leadiess Chip 
Carrier (CL 044) 


. DEVICE CLASS 
/B = Class B 





. SPEED OPTION 
A = 100 MHz 


a. DEVICE NUMBER/DESCRIPTION 
Am2971A 


Enhanced Programmable Event Generator 







Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations. 






Valid Combinations 
AM2971A /BJA, /BUA 


Group A Tests 


Group A tests consist of Subgroups 
1,2, 3, 7, 8, 9, 10, 11. 
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PIN DESCRIPTION 


Ao-A2 
Addresses (inputs) 


These three bits access the Start Address Generator 
which contains eight user-programmed start locations. 
Each cycle starts at the location pointed to by the Start 
Address Generator word selected by the Ao—Az inputs. 
Inthe Program Mode, these inputs are unused and may 
be allowed to float. 


CLK/X; and X2 
Clock/Crystai (input/Output) 


A TTL-level clock may be applied to the CLK/X; input, 
with the X2 output left floating, or an AT-cut parallel reso- 
nant crystal may be connected between these two pins. 


CLKOUT 
Output Clock (Output) 


CLKOUT is a clock output pin which may be used for 
system reference. The output frequency for CLKOUT 
(fo) is fuse-programmable to be either 0.5, 1, or 2 times 
the input frequency. This output is not valid in the By- 
pass Mode. Inthe Program Mode a high-voltage pulse is 
applied to CLKOUT to blow selected fuses. 


FLTR 
Filter 


This pin is used to connect a 0.47-uF filter capacitor be- 
tween the Phase-Locked Loop and ground when an ex- 
ternal crystal is used or the PLL is selected. When clock- 
ing the PEG with an external TTL source greater than 10 
MHz in the Bypass Mode, this pin should be tied LOW. 


FUNCTIONAL DESCRIPTION 


The leading edge of the trigger pulse (polarity is fuse- 
programmable) causes the continuously running inter- 
nal clock to step through the on-chip PROM addresses, 
starting at one of eight fuse-programmed locations se- 
lected by the Ao-2 inputs. 


Each addressed PROM location generates a fuse-pro- 
grammed 12-bit pattern on the To_1; outputs, and inter- 
naily generates the fuse-programmabie next PROM ad- 
dress as well as a fuse-programmable STOP bit, if de- 
sired. Since there is no program counter, there is an al- 
most infinite number of ways of programming the PEG 
for any desired output pattern. The user will most likely 
choose an ascending address sequence, but this is only 
one of many arbitrary choices. 


The address sequence can loop but cannot execute 
conditional jumps. 


The sequence of operations stops either as a result of 
the trailing edge of the trigger pulse (if so enabled by a 
fuse) or by the programmable STOP bit. A new se- 
quence can only be started after the previous sequence 
has stopped. 


The internal clock frequency, fc (see Operational De- 
scription for an explanation of all internal and external 


See Figure 8 for proper device decoupling with the PLL 
Bypassed. 


To-T11 
Timing Outputs (Outputs; Active HIGH) 


These are the twelve timing outputs which follow a user- 
programmed timing pattern. They are registered for 
glitch-free operation. In the Program and Verify Modes, 
To-T10 function as address inputs to access each indi- 
vidual fuse. To—-Ts serve as Row Address inputs, and 
Te—T10 serve as Column Address inputs (see Table 6). 
After power-up, these outputs are all LOW. T1; functions 
as data input in the Program Mode and as data output in 
the Verify Mode. 


TRIG 

Trigger (Input) 

The timing cycle of the PEG can be started by either the 
rising or falling edge of the start (TRIG) pulse; the polar- 
ity is defined as a fuse option (fuse #621) in the TRIG- 
GER POLARITY block. The trailing edge of the start 
(TRIG) pulse stops the timing sequence if the STOP 
TRIG fuse (fuse #622) is left unprogrammed (0). 


POWER, GROUND 
TTL/PLL Power Pair 


There are two sets of Vcc and ground pins. One power 
pair is used by the PLL (Phase-Locked Loop) and the in- 
ternal ECL circuitry. The other power pair is used by the 
remainder of the chip (TTL). Surface-mount packages 
have additional supply connections. All power and 
grounds must be connected regardless of mode of op- 
eration. 


signal frequencies), is derived from and is proportional 
to the frequency onthe X; input, which is either an exter- 
nal TTL signal or the resonant frequency of a Crystal 
connected between X; and X2. Controlled by program- 
mable fuses, the frequency on X; is either used directly 
or is first multiplied by a factor of 1.25, 2.5, 5, or 10 to 
generate the internal clock frequency. A clock output is 
available; its frequency (fuse-programmablie) is either 
half, double, or equal to the frequency on X;. This output 
is not valid in the Bypass Mode. 


Operational Description 


Frequency Definitions 


To avoid confusion, the definitions of the various fre- 
quencies associated with the PEG are given below: 


f, = This is the user's Input Frequency into the 
CLK/X; pin. 


This is the PEG’s Output Frequency at the 
CLKOUT pin. A CLKOUT signal is valid only 
when the PLL is used. 


fc = This is the Internal Clock Frequency, which is 
gated into the event generator state machine. 


oy 
i 
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When a timing sequence has been stopped, 
there is no fc. 


fa = This is the Internal Altered Input Frequency, 
which is equivalent to fc in value. This fre- 
quency is always generated, but it is not gated 
to the state machine (thus becoming fc) un- 
less a sequence is started. 


fpL_= This is the Phase-Locked Loop Frequency 
(fix 5 or f; x 10). 


TRIG-to-Output Delay 


Operation of the PEG is initiated by a transition (of pro- 
grammed polarity) on the TRIG input. This transition 
Starts a series of internal events which lead to the clock- 
ing of the To—T11 output registers and to programmed 
changes on these outputs. 


There are two possible conditions: 


Ifthe TRIG transition is synchronous with the frequency 
on X; (i.e., X1 is a TTL clock signal and TRIG is synchro- 
nized with it), then the TRIG-to-output delay can be well- 
controlled, but the designer must analyze the timing and 
programming relationship carefully, as described be- 
low. 


Inthe more normal case where TRIG is asynchronous to 
the frequency on X;, the TRIG-to-output delay can be 
described very simply, but has an unavoidable uncer- 
tainty of one internal clock period. 


Trigger Asynchronous 


Start Delay 


The delay from the active trigger edge to the first possi- 
ble change of output pattern on To—T1: is the sum of: 


1) Propagation delays in the trigger circuit plus 
output driver, 


2) Up to one clock period of fa due to the asyn- 
chronous relationship between TRIG and fa, 
and 


3) One clock period of fa (used internally to pre- 
vent metastable operation). 


Stop Delay 


A timing sequence can be stopped either by the trailing 
edge of the start (TRIG) pulse (if so enabled by leaving 
fuse #622 unprogrammed) or by a programmed STOP 
bit in the Next Address/Event Generator fuse block. 


The timing sequence stops when it detects either orboth 
of these conditions. If stopped by a programmed STOP 
bit, the outputs remain at the level that is programmed in 
the same address location as the STOP bit. If stopped 
from the TRIG input, there is a delay equivalent to the 
starting delay. 


Trigger Synchronous 


Detailed Analysis of the Start and Stop Timing Se- 
quences . 


The operation of the TRIG function can best be de- 
scribed by a synchronous state machine which uses fa 
as the clock. All transitions occur on the rising clock 
edge. Figure 1 is the state diagram, Figure 2 the equiva- 
lent timing diagram. The state diagram uses the terms 
“active” and “inactive” edges of TRIG, since the actual 
polarity of TRIG is user-programmable. 


State A is the idle state, after a reset or after operation 
has stopped for more than two periods of fa. In state A, 
Select and fc are HIGH (i.e., the Next Address/Event 
Generator PROM is addressed from the Start Address 
Generator PROM), but the output registers are not 
clocked; they retain their previous value. 


When TRIG goes active, the next rising edge of fa forces 
the state machine into state B and causes fc to be equal 
to fa. The output registers are still not clocked. 


The next rising edge of fa forces the state machine into 
state C, clocks the output from the Next Address/Event 
Generator PROM into the output register and forces Se- 
lect LOW. Subsequent cycles use the registered “next 
address” output as an address to the Next Address/ 
Event Generator PROM. State C lasts untila STOP con- 
dition is encountered. 


When a STOP condition is encountered, the next rising 
edge of fc forces the state machine into state D. If TRIG 
goes active while the state machine is in state D, the 
next rising edge of fa will cause it to go to state B; other- 
wise it will go to state A. 


The shortest possible sequence is A-B-C-D-A, staying 
one fa period in states B, C, D. 


The fastest possible retrigger goes C-D-B-C, staying 
one fa period in states D and B, at frequencies below 
50 MHz. At frequencies greater than 50 MHz, the PEG 
will stay two clock periods in state D. 
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inactive 





active or 
STOP 


STOP ey 


05280-005A 
Figure 1. State Machine Diagram 


Start And Stop Timing Synchronous 
With f, 


The following paragraphs describe in detail the timing 
relationship and requirements between TRIG and the 
output changes on To—T1:, provided that TRIG is syn- 
chronous with f}. 


Bypass Mode (fc = fi) 


TRIG must change from inactive to active for a specified 
setup time before the rising edge on X; and must stay 
active at least until 5 ns after the next subsequent rising 
edge on X;. If the inactive-going edge of TRIG is pro- 
grammed as a STOP condition, the shortest legitimate 
TRIG pulse will cause the state machine to cycle from 
State A to B to C to D, clocking the output register twice 
(first with the code accessed by the start address, then 
with the code accessed by the “next address” bits). If 
TRIG lasts additional X; clock periods, the state ma- 
chine will spend this additional time in state C and the 
PEG will step through more codes. 


PLL x5 or x10 Mode 
When the fe. output is used as fa, either 5 or 10 internal 


5 meme i le pm el age Ore a ee gy 
or { 
TRIG a ne ec La 


STATE A B Cc C D 
To-14 PREVIOUS START] NEXT | LAST 
05280-006A 


Figure 2. State Machine Timing (Bypass Mode) 


clock cycles occur for every f; clock cycle. Since fa is 
phase-synchronized to the rising edge of X;, the timing 
analysis is very similar to the previous one, with fa sub- 
stituted for periods on X;. The setup times associated 
with f; also apply to fa, since fa is in phase with f). If the 
TRIG setup time with respect to X; exceeds one frit pe- 
riod, then the state machine may trigger on the earlier — 
internal clock. Because of the spread of guaranteed de- 
vice parameters, an uncertainty is introduced. Thus, us- 
ing the “STOP-from-TRIG” feature to generate a prede- 
termined number of output Sequences could result in an 
incorrect number of transitions (either more or less). 


+2 or +4 Mode 


In this mode the rising transitions of fa are no longer 
uniquely related to the rising transitions of fjor fet, since 
the +2 counter can be in either of two starting states and 
the +4 counter can be in any one of four possible starting 
states. 


The START and STOP sequences, therefore, have an 
additional unpredictable delay of either a 0 or 1/2 period 
of fa (if +2 is chosen), or either a 0, 1/4, 1/2, or 3/4 period 
of fa (if +4 if chosen). 
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Figure 3. PLL Mode 
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f outputs. One will be used 
A — as the internal Clock (fa), 
BR BRR B resulting in an unpredictable 
extra delay of 0 or 1/2 fa 
Unpredictable periods. 
Extra Delay 
Figure 4, +2 Mode 05280-008A 
CLK/X; j | [ 
feu) ULL LLL LLL ee 
A i l | | | A 
es Four possible +4 Counter 
B Hes B outputs. One will be used 
ta as the Internal Clock (fa), 
C resulting in an unpredictable 
es Cc delay of 0, 1/4, 1/2, or 3/4 fa periods. 
D Sagem D 
Unpredictable 
Extra Delay 
Figure 5. +4 Mode 05280-009A 





Output Skew and Jitter 


The twelve timing waveform outputs (To—T11) are syn- 
chronized internally in an output register in order to mini- 
mize output skew. 


The guaranteed maximum value for the remaining skew 
is specified by parameters 6-10 in the Switching Char- 
acteristics Table (depending upon the PEG version 
used and the number and type of transitions). 


See Switching Characteristics for tighter skew specifi- 
cations of certain outputs. More closely matched out- 
puts should be used for more critical timing. 


Any oscillator, and especially a Phase-Locked Loop, ex- 
hibits a certain amount of jitter — random phase modu- 
lation of the internal clock. Such jitter affects all outputs 
together (synchronously). 


Jitter is typically less than +1.0 ns for the ceramic DIP 
and Flatpack, and less than +0.5 ns for the LCC pack- 
age. 


Output Event Resolution 


Each of the twelve timing waveform outputs (To—T11) 
can be programmed to change on any rising edge of the 
internal clock frequency (fc), with the following restric- 
tions: 


The Am2971A has a maximum operating frequency of 
100 MHz with a TTL source, all outputs in use. An output 
resolution of 10 ns for transitions of the same output or 
between transitions of different outputs is obtainable 
when a maximum of nine outputs (any nine) are 
switched simultaneously. If more than nine outputs are 
used, resolution within the same output is 20 ns, and 10 


ns between outputs. If a crystal is used to clock the 


Am2971A, all outputs may be used, but only six outputs 
(any six) can be programmed to switch simultaneously. 
The output resolution with six outputs switching can be 
10 ns within or between outputs. At internal frequencies 
less than 85 MHz, there are no programming restrictions 
(all outputs can switch simultaneously). 
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Am2971/A 


Table 1. Output Resolution 
(Between Successive Transitions of the Same Output) 








Number of outputs switching 


Oscillator 


The Am2971A contains an inverting linear amplifier 
which can be used as a Crystal oscillator. Various types 
of crystals are available, and the manufacturers’ litera- 
ture should be consulted to determine the appropriate 
type. 


Crystal frequency varies with load capacitance. It is 
therefore important to match the load specified by the 
crystal manufacturer for a standard crystal (usually 32 
pF), or to specify the load when ordering a special crys- 
tal. 


The circuit of a typical 1st-harmonic oscillator is shown 
in Figure 6. The crystal load is comprised of the two 
68-pF capacitors effectively in series. This 34 pF ap- 
proximates the standard 32-pF crystal load. If a closer 
match is required, one of the capacitors should be re- 
placed with a parallel combination of a fixed capacitor 
and a trimmer. 


A typical crystal specification for use in this circuit is: 


Frequency Range: 2—20 MHz 
Resonance: AT, Parallel Resonant Mode 
Load: 32 pF 
Stability: to match system requirements 
In order to eliminate stray pick-up, it is good practice to 


ground the case of the crystal and to keep all connec- 
tions as short as possible. 


At fundamental frequencies below 6 MHz, the crystal 
might accidently operate in 3rd-harmonic mode. To pre- 
vent this, a resistor should be added in series with the X2 
pin as shown in the circuit diagram (Figure 6). 


12,11, 10 
simultaneously 
TTL Clock Source 


Crystal Clock Source Not Allowed Not Allowed 





6, 5, 4, 3, 2, 1 


10 ns 


IP Ae een oem mS eae o> 


R=XC = 


The resistor value should equal the impedance of C: 


1 =—§_-2342.Q ~=Example: R = 390 Q 
Onf*C f(MHz) for 6 MHz 





Design Considerations 


1) 


2) 


3) 


Oscillator external connections must be less 
than 1” long—wirewrap is not recommended. 


Vcc and GND connections to power plane 
should be less than 1/2” long. 


Effective supply decoupling over a broad fre- 
quency range is mandatory (Reference Figures 
7 and 8). 






CLKIX, Xp 





68 pF 68 pF 
sees 
05280-010A 


Figure 6. Am2971A Crystal Oscillator Circuit 
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1 pF 1 pF 
05280-011A 05280-014A 
Figure 7. Am2971A Recommended Layout and Figure 8. PEG Decoupling With PLL Bypassed 


Decoupling (Crystal Input) 





Bypass Mode Decoupling 


When using the PEG with a direct TTL source above 
10 MHz with the PLL bypassed, the decoupling shown in 
Figure 8 is mandatory. 


The decoupling of the FLTR (filter) pin is necessary at 
frequencies higher than 10 MHz because the PLL will at- 
tempt to lock onto the incoming clock signal at CLK/X;. 
This can cause anomalies in device operation and in- 
crease device jitter. Grounding the FLTR pin will isolate 
the PLL from the incoming clock and permit proper op- 
eration of the PEG. 
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PEG SUPPORT 
AmPEGASUS 


AMD’s PEG Adaptor Socket and Universal Software 
(Am-PEGASUS) is a passive programmer adaptor 
socket made for use in conjunction with Data I/O Corpo- 
ration’s Model 29/29A/29B Universal Programmer 
equipped with a UniPak 2/2A/2B adaptor. This passive 
unit makes use of the generic 2K x 8 PROM socket by 
reassigning the PROM configuration into a PEG pin 
configuration and programming algorithm. The socket 
draws its power from the Model 29 and contains protec- 
tive circuitry to provide additional safeguards for the 
UniPak. Additional information can be obtained from the 
AmPEGASUS User’s Manual, PID# 09241A. 


AmPEGPDS 


AMD’s PEG Programming Development Software (Am- 
PEGPDS) is a software tool designed to aid the user in 
creating fuse map in the JEDEC standard for program- 
ming a PEG device. The main purpose of the software is 
to create and translate the input specification into a for- 
mat that can be accepted by the programmer. The input 
specification is created by the designer using Am- 
PEGPDS as an editor. AMPEGPDS is available on a 


Am2971A 


standard 5-1/4” floppy disk, included in both of the PEG 
Application Kits described as follows. 


PEG Application Kits 
The PEG Starter Kit includes: 


Am2971A PEG Data Sheet 
AmPEGPDS 
AmPEGPDS Software User's Manual 
Two PEG Unprogrammed Samples 
Applications Articles 
Am2971A Product Description 
The PEG Starter Kit is available free of charge from any 
AMD Sales Representative. 
The PEG Design Kit includes the PEG Starter Kit plus: 
AmPEGASUS Programming Adaptor Socket 
(customer to specify DIP or LCC) 
AmPEGASUS Translation Software 
AmPEGASUS User’s Manual 


Consult your AMD Sales Representative for pricing in- 
formation on the PEG Design Kit. 
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PAL10H20EG8-6/PAL10020EG8-6 


ECL Latched Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 


@ High-performance; tpp = 6 ns 

@ Eight user-programmable output logic macrocells for 
latched or combinatorial operation 

@ A registered version of the device is available as 
PAL10H20EV8 or PAL10020EV8 (see AMD Publication 
No. 06176) 

@ Up to twenty inputs and eight outputs 

® individually user-programmable output polarity 

@ Varied product-term distribution for increased design 
flexibility 

@ Individual product term for output enable 

@ Asynchronous-RESET and PRESET capability 


@ Power-up RESET capability 

@ PRELOAD for improved testability 

@ Special designed-in test features for factory AC and DC 
testing 

@ Proven fuses ensure high programming yield, fast pro- 
gramming and unsurpassed reliability 

@ 10KH/100K ECL options 

@ 50-ohm drive with wired-OR capability 

@ 24-pin 300-mil SKINNYDIP® and 28-pin chip carrier 
packages 

© Supported by PALASM® software 


GENERAL DESCRIPTION 


The PAL10H20EG8/PAL10020EG8 is an advanced bipolar 
ECL Programmable Array Logic (PAL®) device. It uses the 
familiar sum-of-products (AND-OR) single array logic struc- 
ture, allowing users to program custom logic functions. 
Fabricated with AMD's new advanced bipolar oxide-isolation 
process technology, and utilizing the innovative architectural 
features of the PAL22V10, the PAL1O0H20EG8/ 
PAL10020EG8 represents the most advanced ECL PAL 
device available on the market today. 


The PAL10H20EG8/PAL10020EG8 contains up to twenty 
inputs and eight outputs. It incorporates AMD's unique output 
logic macrocell (as in the PAL22V10), which allows the user 
to define and program the architecture of each output on an 
individual basis. Each output is user-programmable for either 
latched or combinatorial operation. Each output also has 
user-programmable output-polarity control, further simplifying 
the design. The flexibility of the programmable output logic 


macrocells permits the system designer to tailor the device 
to particular application requirements. 


increased logic power has been built into the PAL10H20EG8 
/PAL10020EG8 by providing a varied number of logical 
product terms per output. Four outputs have twelve logical 
product terms each, and the other four have eight logical 
product terms each. This varied allocation of logical product 
terms allows complex functions to be implemented in a 
single ECL PAL device. Each output also has a separate 
output-enable product term. 


System operation has been enhanced by the addition of 
asynchronous-PRESET and RESET product terms for the 
PAL10H20EG8/PAL10020EG8. These product terms are 
common to all latched outputs. 


The PAL10H20EG8/PAL10020EGB incorporates power-up 
RESET on all latched outputs. It also has the ability to 
PRELOAD latches to any desired state during testing. 
PRELOAD permits full logical verification during testing. 


BLOCK DIAGRAM 


Programmable ANDO Arra: 
(40 x 90) . 


obey ah fe i ete tl be st kal Ty ea i ose 
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CONNECTION DIAGRAMS 
Top View 


SKINNYDIP PLCC 





08S4SC-002A 
CD011850 
CD011860 
Note: Pin 1 is marked for orientation. 
PIN DESCRIPTION 
Ign dad Dedicated Input Pins (11) Vec Circuit Ground 
1/0;-1!/Og Bidirectional Input/Output Pins (8) ; 
=e, Vco1, Vco2 Circuit Ground Pins for Outputs (2) 
G/l42 Gate or Input Pin 
NC No Connect VEE Negative Supply Voltage 
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ORDERING INFORMATION 
PAL Products 


AMD PAL products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Family Type 
b. Technology 

. Number of Array inputs 
. Output Type 
. Number of Outputs 

Speed 
. Package Type 
. Operating Conditions 

Optional Processing 


-—-~ soa 7o aad 





PAL 10H 20 6G 8 -6 P fF 
FAMILY ee 
PAL = Programmable Array Logic 
. TECHNOLOGY. 
10H = ECL 10KH i. OPTIONAL PROCESSING 
100 = ECL 100K Blank = Standard Processing 


. NUMBER OF ARRAY INPUTS 





. OUTPUT TYPE h. OPERATING CONDITIONS 
EG = ECL Latched C = Commercial 

(ECL 10KH =0 to + 75°C, 

ECL 100K =0 to + 85°C) 


. NUMBER OF OUTPUTS — 





g. PACKAGE TYPE 
P = 24-Pin (300-Mil) Plastic SKINNYDIP 
D = 24-Pin (300-Mil) Ceramic SKINNYDIP 
. SPEED J = 28-Pin Plastic Leaded Chip Carrier 
~6=6 ns tpp 





Valid Combinations 








Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 


Valid Combinations 


PAL10H20EG8-6 | 
PC, DC, JC 
PAL10020EG8-6 





Note: marked with AMD logo 
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FUNCTIONAL DESCRIPTION 


The PAL10H20EG8/PAL10020EG8 is an advanced bipolar 
ECL PAL device. It contains a programmable fuse array 
organized in the familiar sum-of-products (AND-OR) structure. 


The block diagram in Figure 1 illustrates the basic architecture 
of the PAL10H20EG8/PAL10020EG8. There are up to twenty 
external inputs and eight outputs. The inputs are connected to 
a programmable-AND array. Initially, the AND gates are 
connected, via fuses, to both the true and complement of 
every input. By selective programming of the fuses, the AND 









RESET. at 
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Hust 


cae 
ey aie wsceclh 


Programmable AND Array 
(40 x 90) 


vv o eo Or 


ka ell Fe il at iH eal 


gates may be '‘'connected" to only the true inputs, the 
complement inputs, or to neither type of input. When both the 
true and complement fuses are left intact, a logical-FALSE 
results at the output of the AND gate. An AND gate with all the 
fuses programmed will assume the logical-TRUE state. The 
outputs of the AND gates are connected to fixed-OR gates. 


There are an average of ten product terms per OR gate 
(output), distributed in a varied fashion. Four outputs have 
eight product terms each while the other four have twelve 
product terms each. This varied distribution of product terms 
allows more complex logic functions to be implemented. 





eee tH ee, H tome, 


O8S45C-001A 


BD011871 






Figure 1. Block Diagram 





Output Logic Macrocells 


A useful feature of the PAL10H20EG8/PAL10020EG8 is its 
versatile programmable output logic macrocell. It allows the 
user to program the outputs on an individual basis in a very 
flexible manner. 


The PAL1OH20EG8/PAL10020EG8 output logic macrocell 
incorporates a latch that is transparent when G is LOW. As 
shown in the output logic macrocell diagram, each macrocell 


contains two programmable fuses (So and S4) for program- 
ming the output functions. S; controls whether the output will 
be latched or combinatorial. So controls the output polarity 
(active-HIGH or active-LOW). Depending on the states of 
these two fuses, an individual output operates in one of four 
modes: Latched/Active-LOW, Latched/Active-HIGH, Combi- 
natorial/Active-LOW, and Combinatorial/Active-HIGH. Each 
output is also provided with a separate output enable product 
term. 








08S45-003A 


LS003440 


Figure 2. PAL10H20EG8/PAL10020EG8 Output Logic Macrocell 
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LS003380 


Figure 3-1. Latched/Active-LOW 





08545C-OOSA 


LS003370 


Figure 3-2. Latched/Active-HIGH 








1 = Programmed Fuse 


Feedback 


Another feature of the PAL1OH20EG8/PAL10020EG8 output 
macrocell structure is the flexibility of its feedback selection. 
The feedback can be from either the I/O line or the latched 
output. The feedback multiplexer is also controlled by the Sy 
fuse. The feedback path changes with the output-mode 
selection. If the output is selected to be latched, the feedback 
is latched. If the output is combinatorial, the feedback is from 
the I/O line. This feature enables the designer to optimally use 
the device to meet precise application requirements. Addition- 
ally, it allows the device to perform control tasks, such as 
arbitration functions, easily. 


Output Enable 


Each of the eight output logic macrocells of the 
PAL10H20EG8/PAL10020EG8 contains a dedicated product 
term for the output-enable function. When this product term is 
asserted LOW, the output is forced into a LOW state, where it 
remains until the output-enable product term goes HIGH. 


PRESET and RESET 


To improve in-system functionality, the PAL1O0H20EG8/ 
PAL10020EG8 has additional PRESET and RESET product 
terms. Common asynchronous RESET and PRESET are 
provided for all the latches of the PAL1OH20EG8/ 
PAL10020EG8. When the asynchronous PRESET product 


(“si [ 8] Output Configuration 
(0 [ 0 | tateea/Acivetow 
es 
(1 [oP eombinatoraictvexow 


0 = Unprogrammed Fuse 





Sp = 0 
S;,=1 


08545-020A 


LS003450 


Figure 3-3. Combinatorial/Active-LOW 





08545C-007A 
LD001530 
Figure 3-4. Combinatorial/Active-HIGH 






term is asserted HIGH the output latches are loaded with a 
HIGH and when the RESET product term is asserted HIGH the 
output latches are loaded with a LOW. For the RESET/ 
PRESET to work the latches should be in latched and not 
transparent mode. These functions are particularly useful for 
system power-on and reset. The latches automatically reset at 
power-up. 


PRELOAD 


To simplify testing, the PAL10H20EG8/PAL10020EG8 is de- 
signed with PRELOAD circuitry that provides an easy method 
for testing logic functionality. PRELOAD allows any arbitrary 
values to be loaded into the PAL device's output latches. 


A typical functional-test sequence would be to verify all 
possible outputs for the device being tested. To verify these 
transitions requires the ability to set the latches to an arbitrary 
"present state'’ value and to set the device inputs to any 
arbitrary ''present input’ value. Once this is done, the latch 
enable is driven transparent to allow logic to determine the 
"new state’ of the outputs. These outputs can then be 
checked to validate the design. 


Without PRELOAD capability, it is difficult and in some cases 
impossible to load an arbitrary value into the latches. This can 
lead to logic verification sequences which are either incom- 
plete or excessively long. With PRELOAD capability, logic 
verification sequences can be greatly shortened, reducing the 
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test time and the development costs, and guaranteeing proper 
in-system operation. 


Security Fuse 


A security fuse is provided on each PAL10H20EG8/ 
PAL10020EG8 to protect proprietary logic designs. It is 
programmed at the same time the array is programmed. The 
security fuse disables the pattern verification circuitry, and is 
verified by verifying the whole fuse array as if every fuse were 
programmed. The security fuse also disables preload. 


Fabrication 


The PAL1O0H20EG8/PAL10020EG8 is manufactured using 
Advanced Micro Devices’ new oxide-isolation process. This 
advanced process offers increased density and reduced 
internal capacitance resulting in the fastest possible program- 
mable logic devices. 


The PAL10H20EG8/PAL10020EG8 is fabricated with AMD's 
fast-programming and highly-reliable fuse technology. Utilizing 
an easily implemented programming algorithm, these products 
can be rapidly programmed to any customized pattern. 


Testing 


The PAL1OH20EG8/PAL10020EG8 contains many internal 
test features, including circuitry and extra fuses which allow 
AMD to test each part before shipping. This ensures extremely 
high post-programming functional yields. The test fuses are 
programmed to assure the ability of each part to perform 
correct programming. There are extra test words which are 
preprogrammed during manufacturing and tested to ensure 
correct logic operation and parametric integrity. 


Using the PAL10H20EG8/PAL10020EG8 Device 
as a State Machine 


Latches can be used in the implementation of state machines, 
but care must be taken in their use. They cannot be treated as 
if they were registers, which are more common in the TTL PAL 
devices. Since a latch is a level-sensitive storage device, it is 
more difficult to control the sequencing of states. In theory, 
when the gate pin is lowered, the latch can assume a new 
state. After waiting for the state to stabilize and for the 
feedback signal to propagate, the new state can be latched. 
Latching the state delays any further state changes until the 


next time the gate signal G goes LOW. 
Latches Are Not Registers 


The danger in treating a latch just like a register is that a 
feedback race condition will be explicitly built into the circuit. 
Enough setup time must be allowed for latching new data, yet 
if too much delay is allowed, the transparent latch may actually 
change state twice before being latched. For example, a 
divide-by-two counter (Figure 4a) may oscillate until the gate 
pin is raised if too much setup time is provided. The final state 
will depend on how fast the output was oscillating (Figure 4b), 
and will be unpredictable. 
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Use a Dual-Phase Clock 


The usual method of dealing with this problem is to use a dual- 
phase clock, with two sets of latches. Implementation in the 
PAL1OH20EG8/PAL10020EG8 would require a second de- 
vice for the opposite phase. The logic must be partitioned 
such that all latches that are enabled on one phase of the 
clock feed only latches that are enabled on the opposite 
phase. This allows operation in a master-slave mode. The 
implementation can be made by providing one latch merely as 
a holding element, which can pass the data unchanged to 
another latch; this is essentially a master-slave register. In 
such a situation, two latches are needed for each state bit. 
The divide-by-two counter using a master and a slave is shown 
in Figure 4c. 


if the entire state machine can be partitioned into two groups 
of state bits such that group 1 states only feed group 2 states 
and vice versa, then it becomes possible to place logic 
between the master latch and the slave latch. At that point the 
terms ''master'' and "slave" lose significance; each latch may 
implement a state bit by itself. 


Greater System Speed And Efficiency 


This kind of arrangement can sometimes be used to obtain a 
greater overall system speed than would be possible using 


Window is too large—output oscillates, 
final state is unpredictable 





a. b. 
PREFERRED 
08845-008A 
Cc. 
WF027070 


Figure 4. Using a Dual-Phase Clock 


registers instead of latches. Since a register is essentially 
made up of two latches, it can also provide for a more efficient 
design with latches. 
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DIP (PLCC) pinouts. 


Figure 5. Logic Diagram for PAL10H20EG8/PAL10020EG8 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ..................ccccee -~65°C to + 150°C 
Supply Voltage (Veg) 

with Respect to Ground .....................0085 -8VtoO0V 
DC input Voltage 

with Respect to Ground ...............:cceseeeeees Vee to0 V 
Output Current 

“CONUNMUOUS -0i5occ eencvses divin rdeeracchvancetenivereeeves 35 mA 

BOUNDS) Scacinnate ccwag eaetosoceoeeter wi ennuteneawiidetcuwosaves 100 mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. Programming conditions may differ. 





OPERATING RANGES 


Commercial (C) Devices — 10KH Devices 
Ambient Temperature (Ta) Operating 
Air Flow 500 Ifpm ..............ccceeeeeeeees 0°C to + 75°C 
Supply Voltage (VegE).................6. ~5,46 V to -4.94 V 


Commercial (C) Devices — 100K Devices 

Ambient Temperature (Ta) Operating 
Air Flow 500 Ifpm................cceeeeeeees 0°C to +85°C 
Supply Voltage (VEE)..............ceeeee ee -48 V to -4.2 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over COMMERCIAL operating ranges (Notes 1, 2) 


PAL10H20EG8 (10KH) Devices 
































Parameter Parameter | 
Symbols Description Test Conditions ‘Unit 
azoe | -1020 | 000 
Vou Output HIGH Voltage Ta=+25°C | -980 | -810 | mv 
Vin = Vit (Max.) OF Vit (Min.) manus Sie : 
VoL Output LOW Voitage Ta = + 25°C | -1950 | -1630 | mV 
Guaranteed Input HIGH Voltage 7s _ 
Vin Input HIGH Voltage iiisio: 3) Ta = +25°C mv 
Ta=+75°C | -1070 
azo | -80 | —100 
Guaranteed Input LOW Voltage 7 
Vit Input LOW Voltage ges) Ta=+25°C | -1950 | -1480 | mv 
Fiaze7eo | 1060 | ~ 150 | 
Tazorc | | 300 
ive Input HIGH Current Vin = Vi (Max.) Ta=+25rc| | 300 | yA 
Troe [es | 
he Input LOW Current Vin = Vit. (Min.) Ta=t25rc}| 05 | | yA 
Tazorc | -260 | 
lee Power Supply Current All inputs and Outputs Open Ta = + 25°C | -260 | | mA 





Notes: 1. Designed to meet specifications shown after thermal equilibrium has been established. Guaranteed with transverse air flow exceeding 


500 linear feet per minute. 


2. The relative values of the specified conditions and limits will be referenced to an algebraic scale. The extremities of the scale are: 


"Max."' the value closest to positive infinity. 
"Min."" the value closest to negative infinity. 


3. These are absolute voltages with respect to the device ground pin and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment and fixturing. 
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DC CHARACTERISTICS over COMMERCIAL operating ranges (Cont'd.) (Notes 1, 2) 


PAL10020EG8 (100K) Devices 


Parameter Parameter 
Symbols Description Test Conditions Unit 
[vee=-42v | -1005 | —080_ 


Vin = Vi: (Max.) or Vit (Min.) Loading is 

Vou Output LOW Voitage | Vee=-45 V | -1810 | -1620 | mV 
Tvee=-48v | —1810 | —1620_| 
[vee=-42v | -1150 | 660 _| 

Vin Input HIGH Voltage Guaranteed Input HIGH Voltage (Note 3) | Vee=-45V | -1165 | -880 | mV 
Tver=-48v | -1165 | -280_| 
Pvee=—42v | —1010 | —1475 | 

VIL Input LOW Voltage Guaranteed Input LOW Voltage (Note 3) | Vee=-4.5V | -1810 | -1475 | mV 
Pvee=—48v | 1810 | -1400_ 
Tvee=-a2v [| 300 

Im Input HIGH Current Vin = Vin (Max.) | Vee=-45V {| | 300—«|: WA 
Tvee=-4ev | | s00_| 
Tvee=-e2v os | 

he Input LOW Current Vin = Vir (Min.) | Vee=-45V | 05 | | pA 


Pvee=-4ev[ os | | 
Pvee=-42v | 2s [ 
lEE Power Supply Current All Inputs and Outputs Open | Vee=-45V | -285 | | mA 
[Vee=-48v | -285 [ 


Notes: 1. Designed to meet specifications shown after thermal equilibrium has been established. Guaranteed with transverse air flow exceeding 
500 linear feet per minute. 
2. The relative values of the specified conditions and limits will be referenced to an algebraic scale. The extremities of the scale are: 
""Max."' the value closest to positive infinity. 
"Min." the value closest to negative infinity. 
3. These are absolute voltages with respect to the device ground pin and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment and fixturing. 





SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Notes 1, 2) 


Symbol Parameter Description Unit 
wt Gate wath tow SC~“—~‘~*YSC“‘(‘NNOCGSSNCOC‘“‘*SSC 
tER Input to Output Disable aes Tee ae ns 
tro Output Rise Time (20% ~ 80%) = ee ee ae ns 
tro Output Fall Time (80% - 20%) | omtidL:C(<‘és Cd ns 


1. Designed to meet specifications shown after thermal equilibrium has been established. The circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 linear fom is maintained. 
2. Test conditions: see Setup for Testing Switching Characteristics. 
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Definitions of Switching Parameters 


tpp: 


ts: 


tH: 


te: 


tWL: 


tar/tap: 


taRw/tapw: 


tarR/tapR: 


tEA: 


ter: 


tRo: 


tFo: 
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Signal propagation delay from an input or an 
1/O pin through the array to a combinatorial 
ouput or a latched output while G is LOW. 


Time that input data must be valid before G 
goes HIGH in order to latch data. 


Time that input data must be valid after G 
goes HIGH in order to latch data. 


Delay between lowering G and data appearing 

at the output. 

Note: In order for a signal to appear at the 
output at a time tg after lowering G, the 
signal must be set up a time ts before 
G is lowered. If this amount of time is 
not allowed, then the output will change 
at a time tpp after the inputs were 
changed. The ts needed is illustrated in 
the waveforms. 


The minimum gate LOW pulse width needed to 
latch new data. 


Delay from an input or |/O pin activating 
asynchronous reset or preset to data appearing 
at a latched output. 


The minimum input or I/O pin pulse width 
needed to activate asynchronous reset or 
preset. 


Time that input or 1/O pin must inactivate 
asynchronous reset or preset before G goes 
LOW in order to pass data. 


Delay between input or I/O pin activating 
enable term and data appearing at outputs. 


Delay between input or I/O pin deactivating 
enable term and outputs going LOW. 


Time taken for an output signal voltage to 
swing from 20% to 80% of the full logic 
swing. 

Time taken for an output signal voltage to 
swing from 80% to 20% of the full logic 
swing. 





tpo 08545C-009A 


WF027080 


t 
ts ty 
1, vO 
G 
Oo 
ts tg 
‘Pp 


08545-010A 
WF027090 


AR/AP 


OI 





0845-012A 
WF027100 


08645C-013A 


WF027110 
80% 


20% 


tRo tro O8S45C-011A 
WF025960 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


MAY CHANGE 
FROML TOH 


DON'T CARE, CHANGING. 
ANY CHANGE STATE 
PERMITTED UNKNOWN 





KS000012 


Setup for Testing Switching Characteristics 


+2.0 V 







25 uF 0.47 pF 
tT 


Oscilloscope Oscilloscope 





vec vcoi vco2 








COAX COAX 
TP. 
TP out 
COAX 
Pulse 
Generator 
0.47 
T yr 
~—_ ~ 06176-015A 
Vee + 2.0 V 
LS003460 

Each oscilloscope channel input should have a 50 {2 termina- Used inputs that are not switching should be forced to Vii or 
tion to ground. Oscilloscope bandwidth should be a least 1 GHz. ViH. 


Outputs that are switching but not sensed should be terminated 


The pulse generator should be capable of providing 1.5 ns rise through 50 Q to ground. 


and fall times (20% to 80%). 

Unused inputs and outputs may be left open. 
All input and output cables should be equal lengths of matched 
50 2 coaxial cable. Wire lengths between input (or I/O) pins 
and TPin or between output pins and TPoyt should be less than 
1/4 in. long. Stubs should be avoided if possible; unavoidable 
stubs should be less than 2 in. long. Timing thresholds in this configuration are taken to be +0.7 V. 


Note that all voltages are shifted by +2.0 V with respect to 
normal ECL operating conditions in order to take advantage of 
the input terminations of the oscilloscope. 
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Input and Output Equivalent Schematics 


VCC vcc vec VvCco1,2 








50 kQ 
VEE VEE VEE VEE 
Feedback Input 
input Output 
06176C-019A 
TC004760 
SWITCHING TEST WAVEFORM 
INPUT PULSE 
-0.9V 
-1.7V 
06176C-014A 
WF023080 
tR = tf = 2.2 ns Max. for 10KH 
tR = te = 1.0 ns Max. for 100K 
PRELOAD OF LATCHED OUTPUTS necessary to perform the PRELOAD function are detailed 
below. 
The PAL10H20EG8/PAL10020EG8 latched outputs are pro- PRELOAD is accessed by applying Vpp on pin 23. The data to 
vided with circuitry to allow loading each latch to either a HIGH be preloaded is set on the output pins. Bringing pin 23 back to 
or LOW state. This simplifies testing since any state can be a logic-LOW level latches the data into the output latches. 
loaded into the latches to control outputs. The pin levels During PRELOAD the outputs are disabled by a supervoltage 
on pin 11. 






Parameter Parameter 
Symbol Description 
Input HIGH Level During 
PRELOAD and Verify 
Input LOW Level During 1.45 
Vit PRELOAD and Verify 
Voltage Applied to Pins 11 and 
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Pin 3 





Enable Outputs 
Disable Outputs Apply External Data PRELOADed Remove External 
4a and PRELOAD Inputs 
Enable PRELOADed Disabled 
PRELOAD 
06176-016A 
WF027121 
PRELOAD Timing Waveform 
POWER-UP RESET RESET and the wide range of ways Veg can fall to steady 


state, two conditions are required to insure a valid power-up 
The latches in the PAL1 OH20EG8/PAL1 0020EG8 have been RESET. These conditions are: 
designed with the capability to RESET during system power- 





up. Following power-up, all latches will be LOW. The output 1. The Vee fall must be monotonic. 
state will depend upon the state of the output buffer and the 
polarity fuse. This feature provides extra flexibility to the 2. Following RESET, the gate pin must not be driven LOW 
designer. A timing diagram and a parameter table are shown until all applicable input and feedback setup times are 
below. Due to the asynchronous operation of the power-up met. . 
VEE 
‘PR 
Latched 
Active-LOW 
Output Pin 
ts 
G 
‘WL 
08545C-018A 
WF027130 






Parameter Parameter 
Symbol Description 
ae e 
RESET Time 
Input or Feedback 
Setup Time 


Gate Width LOW 






See Switching Characteristics 
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PAL10H20EV8-6/PAL10020EV8-6 Advanced 
ECL Registered Programmable Array Logic Devices 





DISTINCTIVE CHARACTERISTICS 


@ High-performance; tpp = 6 ns, fyax = 125 MHz 

@ Eight user-programmable output logic macrocells for 
registered or combinatorial operation 

@ A latched version of the device is available as 
PAL10H20EG8 or PAL10020EG8 (see AMD Publication 
No. 08545) 

@ Up to twenty inputs and eight outputs 

@ individually user-programmabie output polarity 

@ Varied product-term distribution for increased design 
flexibility 

@ Individual product term for output enable 

@ Asynchronous-RESET and PRESET capability 


@ Power-up RESET capability 

@ PRELOAD for improved testability 

@ Special designed-in test features for factory AC and DC 
testing 

@ Proven fuses ensure high programming yield, fast pro- 
gramming and unsurpassed reliability 

@ 10KH/100K ECL options 

@ 50-ohm drive with wired-OR capability 

@ 24-pin 300-mil SKINNYDIP® and 28-pin plastic chip 
carrier package 

@ Supported by PALASM® software 


GENERAL DESCRIPTION 


The PAL1OH20EV8/PAL10020EV8 is an advanced bipolar 
ECL Programmable Array Logic (PAL®) device. It uses the 
familiar sum-of-products (AND-OR) single array logic struc- 
ture, allowing users to program custom logic functions. 
Fabricated with AMD's new advanced bipolar oxide-isolation 
process technology, and utilizing the innovative architectural 
features of the PAL22V10, the PAL10H20EV8/PAL10020EV8 
represents the most advanced ECL PAL device available on 
the market today. 


The PAL10H20EV8/PAL10020EV8 contains up to twenty 
inputs and eight outputs. It incorporates AMD's unique output 
logic macrocell (as in the PAL22V10), which allows the user to 
define and program the architecture of each output on an 
individual basis. Each output is user-programmable for either 
registered or combinatorial operation. Each output also has 
user-programmablie output-polarity control, further simplifying 
the design. The flexibility of the programmable output logic 


macrocells permits the system designer to tailor the device to 
particular application requirements. 


Increased logic power has been built into the PAL1OH20EV8/ 
PAL10020EV8 by providing a varied number of logical product 
terms per output. Four outputs have twelve logical product 
terms each, and the other four have eight logical product 
terms each. This varied allocation of logical product terms 
allows complex functions to be implemented in a single ECL 
PAL device. Each output also has a separate output-enable 
product term. 


System operation has been enhanced by the addition of 
asynchronous-PRESET and RESET product terms for the 
PAL10H20EV8/PAL10020EV8. These product terms are 
common to all registered outputs. 


The PAL1OH20EV8/PAL10020EV8 incorporates power-up 
RESET on all registered outputs. It also has the ability to 
PRELOAD registers to any desired state during testing. 
PRELOAD permits full logical verification during testing. 


BLOCK DIAGRAM 





Y Logic y abe se 
hea Ht cay) 


PAL, PALASM, and SKINNYOIP are registered trademarks of Advanced Micro Devices, Inc. 
This part is covered by various US and Foreign patents owned by Advanced Micro Devices. 


a dialer yor a7 Array 


TOS 
eo 





pos J PRESET 






06176C-O01A 


BD007871 






Publication # 06176 Rev. C 


Issue Date: January 1990 





Amendmenv0 





CONNECTION DIAGRAMS 
Top View 


SKINNYDIP PLCC 





08176C-002A 
CD011410 


CD011400 


Note: Pin 1 is marked for orientation. 


PIN DESCRIPTION 


ly —144 Dedicated input Pins (11) 


1/0;-1/Og = Bidirectional Input/Output Pins (8) 
CLK/Ily2 = Clock or Input Pin 
NC = No Connect 
Voc = Circuit Ground 
Vco1; Vco2 = Circuit Ground Pins for Outputs (2) 
Vee = Negative Supply Voltage 
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fox 


ce] 


—_ 


. OUTPUT TYPE 


. NUMBER OF OUTPUTS 


ORDERING INFORMATION 
PAL Products 


AMD PAL products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Family Type 
. Technology 
. Number of Array Inputs 
. Output Type 
. Number of Outputs 
Speed 
. Package Type 
. Operating Conditions 
Optional Processing 


on 


~—-sFTonm oan 


PAL JOH 20 EV 8 =-6 P Cf 


FAMILY TYPE ee! 


PAL = Programmable Array Logic 





. TECHNOLOGY 
10H = ECL 10KH i. OPTIONAL PROCESSING 
100 = ECL 100K Blank = Standard Processing 


. NUMBER OF ARRAY INPUTS 





h. OPERATING CONDITIONS 
EV =ECL Versatile Registered C = Commercial 

(ECL 10KH =0 to + 75°C, 
ECL 100K =0 to + 85°C) 





g. PACKAGE TYPE 
P = 24-Pin (300-Mil) Plastic SKINNYDIP 
D = 24-Pin (300-Mil) Ceramic SKINNYDIP 





. SPEED J = 28-Pin Plastic Leaded Chip Carrier 


-6=6 ns tpp 


Valid Combinations 





Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 







Valid Combinations 
PAL10H20EV8-6 
PC, DC, JC 
PAL10020EV8-6 





Note: Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 


The PAL1OH20EV8/PAL10020EV8 is an advanced bipolar 
ECL PAL device. It contains a programmable fuse array 
organized in the familiar sum-of-products (AND-OR) structure. 


The block diagram in Figure 1 illustrates the basic architecture 
of the PAL1OH20EV8/PAL10020EV8. There are up to twenty 
external inputs and eight outputs. The inputs are connected to 
a programmable-AND array. Initially, the AND gates are 
connected, via fuses, to both the true and complement of 
every input. By selective programming of the fuses, the AND 





rst th 
P Logic TTY pieces 
| Macrocell 





gates may be '‘'connected" to only the true inputs, the 
complement inputs, or to neither type of input. When both the 
true and complement fuses are left intact, a logical-FALSE 
results at the output of the AND gate. An AND gate with all the 
fuses programmed will assume the logical-TRUE state. The 
outputs of the AND gates are connected to fixed-OR gates. 


There are an average of ten product terms per OR gate 
(output), distributed in a varied fashion. Four outputs have 
eight product terms each while the other four have twelve 
product terms each. This varied distribution of product terms 
allows more complex logic functions to be implemented. 





06176C-O01A 


BD007871 


Figure 1. Block Diagram 


Output Logic Macrocelis 


A useful feature of the PAL1OH20EV8/PAL10020EV8 is its 
versatile programmable output logic macrocell. It allows the 
user to program the outputs on an individual basis in a very 
flexible manner. 


The PAL1OH20EV8/PAL10020EV8 output logic macroceli 
incorporates an edge-triggered register. As shown in the 
output logic macrocell diagram, each macrocell contains two 


programmable fuses (Sg and $4) for programming the output 
functions. S; controls whether the output will be registered or 
combinatorial. So controls the output polarity (active-HIGH or 
active-LOW). Depending on the states of these two fuses, an 
individual output operates in one of four modes: Registered/ 
Active-LOW, Registered/Active-HIGH, Combinatorial/Active- 
LOW, and Combinatorial/Active-HIGH. Each output is also 
provided with a separate output enable product term. 





06176C-OO3A 


LD001650 


Figure 2. PAL1OH20EV8/PAL10020EV8 Output Logic Macrocell 
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06176C-004A 


LD001550 


Figure 3-1. Registered/Active-LOW 


06176C-005A 


LD001590 


Figure 3-2. Registered/Active-HIGH 








1 = Programmed Fuse 


Feedback 


Another feature of the PAL1OH20EV8/PAL10020EV8 output 
macrocell structure is the flexibility of its feedback selection. 
The feedback can be from either the |/O line or the registered 
output. The feedback multiplexer is also controlled by the Sj 
fuse. The feedback path changes with the output-mode 
selection. If the output is selected to be registered, the 
feedback is registered. If the output is combinatorial, the 
feedback is from the !/O line. This feature enables the 
designer to optimally use the device to meet precise applica- 
tion requirements. Additionally, it allows complex control state 
machines for particular design requirements. 


Output Enable 


Each of the eight output logic macrocells of the 
PAL1O0H20EV8/PAL10020EV8 contains a dedicated product 
term for the output-enable function. When this product term is 
asserted LOW, the output is forced into a LOW state where it 
remains until the output-enable product term goes HIGH. 


PRESET and RESET 


To improve in-system functionality, the PAL1OH20EV8/ 
PAL10020EV8 has additional PRESET and RESET product 
terms. Common asynchronous RESET and PRESET are 
provided for all the registers of the PAL1O0H20EV8/ 
PAL10020EV8. When the asynchronous PRESET product 


PAL10H20EV8-6/PAL10020EV8-6 


[S.[ S _| outpat configuration] 
[0 [0 | Resiserea/actveiow 
(01 | Resiterew/acive GH 
[0 | Combinatoa“Acive-tOw 


0 = Unprogrammed Fuse 





Sp = 0 


S,=1 


061 76C-006A 
LD00 1560 


Figure 3-3. Combinatorial/Active-LOW 


Sp = 1 


S,=1 


06176C-007A 
LD001570 


Figure 3-4. Combinatorial/Active-HIGH 









term is asserted HIGH the output registers are loaded with a 
HIGH; when the RESET product term is asserted HIGH the 
output registers are loaded with a LOW, both independent of 
the clock. These functions are particularly useful for system 
power-on and reset. The registers automatically reset at 
power-up. 


PRELOAD 


To simplify testing, the PAL1OH20EV8/PAL10020EV8 is de- 
signed with PRELOAD circuitry that provides an easy method 
for testing logic functionality. PRELOAD allows any arbitrary 
values to be loaded into the PAL device's output registers. 


A typical functional-test sequence would be to verify all 
possible outputs for the device being tested. To verify these 
transitions requires the ability to set the state registers to an 
arbitrary ''present state'' value and to set the device inputs to 
any arbitrary ‘present input'' value. Once this is done, the 
state machine is then clocked into a ''next state.’ The next 
state is then checked to validate the transition from the 
present state. In this way any state transition can be checked. 


Without PRELOAD capability, it is difficult and in some cases 
impossible to load an arbitrary present state value into the 
registers. This can lead to logic verification sequences which 
are either incomplete or excessively long. With PRELOAD 
capability, logic verification sequences can be greatly short- 
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ened, reducing the test time and the development costs, and 
guaranteeing proper in-system operation. 


Security Fuse 


A security fuse is provided on each PAL1OH20EV8/ 
PAL10020EV8 to protect proprietary logic designs. It is pro- 
grammed at the same time the array is programmed. The 
security fuse disables the pattern verification circuitry, and is 
verified by verifying the whole fuse array as if every fuse were 
programmed. The security fuse also disables preload. 


Fabrication 


The PALI1OH20EV8/PAL10020EV8 is manufactured using 
Advanced Micro Devices’ new oxide-isolation process. This 
advanced process offers increased density and reduced 
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internal capacitance resulting in the fastest possible program- 
mable logic devices. 


The PAL1OH20EV8/PAL10020EV8 is fabricated with AMD's 
fast-programming and highly-reliable fuse technology. Utilizing 
an easily implemented programming algorithm, these products 
can be rapidly programmed to any customized pattern. 


Testing 


The PAL1OH20EV8/PAL10020EV8 contains many internal 
test features, including circuitry and extra fuses which allow 
AMD to test each part before shipping. This ensures extremely 
high post-programming functional yields. The test fuses are 
programmed to assure the ability of each part to perform 
correct programming. There are extra test words which are 
preprogrammed during manufacturing and tested to ensure 
correct logic operation and parametric integrity. 
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DIP (PLCC) pinouts. 


Figure 4. Logic Diagram for PAL10H20EV8/PAL10020EV8 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ....................66055 ~65°C to +150°C 
Supply Voitage (VEE) 

with Respect to Ground ................200ce0ee -8VtoOV 
DC Input Voltage 

with Respect to Ground ................cccceee eens Vee to0 V 
Output Current 

AGOMUIPMUOUS: oo iincunsancecac cps epadione din enes seuuwantaeeiees 35 mA 

UL OS: sess ss de sadertecetseyetecselen eaten veeeespineseees 100 mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. Programming conditions may differ. 





OPERATING RANGES 


Commercial (C) Devices — 10KH Devices 
Ambient Temperature (Ta) Operating 
Air Flow 500 Ifpm...............ccceeeeeeees 0°C to +75°C 
Supply Voltage (VEg)................665 -5.46 V to -4.94 V 


Commercial (C) Devices — 100K Devices 

Ambient Temperature (Ta) Operating 
Air Flow 500 Ifpm..............ccccceeeeeees 0°C to +85°C 
Supply Voltage (VEg).............:.cce eee -4.8 V to -4.2 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC. CHARACTERISTICS over COMMERCIAL operating ranges (Notes 1, 2) 


PAL10H20EV8 (10KH) Devices 
















500 linear feet per minute. 





















seme | Seems [encom [om [a 

Symbols Description Test Conditions Unit 
| 

VOH Output HIGH Voltage Ta=+25°C | -980 | -810 | mv 
Vov= Ves dim O° Vi. any |__tgadng ie [racszsrc | seo | -735 | 
| ) [so @t0=20 v[Ta=ore | —1950_| ~1630 

VoL Output LOW Voltage Ta =+25°C | -1950 | -1630 | mv 
“1170 

Vis Input HIGH Voltage ree a Input HIGH Voltage ~ 4130 mV 
Ta=orc | -1950 | -1480_| 

Vit Input LOW Voltage ra a a i = 1950 mv 
7 
Taso | | (800 

he Input HIGH Current Vin = Vint (Max.) Ta=+25°C} = [| 300 «|S WA 
Ta=t7ec | | 300 
Taso | os | 

te Input LOW Current Vin = Vit (Min.) Ta=+25°C] 05 | | pA 
Ta=s7src| 03 |_| 
Ta=ore | -260 | 

lee Power Supply Current All Inputs and Outputs Open Ta=+25°C | -260 | | mA 
Ta=+75°C | -260 | 

Notes: 1. Designed to meet specifications shown after thermal equilibrium has been established. Guaranteed with transverse air flow exceeding 


2. The relative values of the specified conditions and limits will be referenced to an algebraic scale. The extremities of the scale are: 


""Max."’ the value closest to positive infinity. 
"Min." the value closest to negative infinity. 


3. These are absolute voltages with respect to the device ground pin and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment and fixturing. 
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DC CHARACTERISTICS over COMMERCIAL operating ranges (Cont'd.) (Notes 1, 2) 


PAL10020EV8 (100K) Devices 


Parameter Parameter 
Symbol Description Test Conditions Unit 


VoH Output HIGH Voltage mV 
VOL Output LOW Voltage mV 
Vin Input HIGH Voltage Guaranteed Input HIGH Voltage (Note 3) Vee = -4.5 V ~880 | mv 
Vee = -4.8 V 880 
Vee = -4.2 V ~1475 


| Vee = -48 V | 
| Vee = -42V | 
VIL Input LOW Voltage Guaranteed input LOW Voltage (Note 3) - 1475 mV 
he Input HIGH Current Vin = Viy (Max.) | Vee=-45V | | 300 yA 
Pver=-aav | | s00_| 
Tver=-a2v] 05 |_| 
Ie Input LOW Current Vin = Vit. (Min.) | Vee=-45V | 05 | | BMA 


Pvee=-eav | 05 | 
Tvee=-aev | 705 | 
lee Power Supply Current All Inputs and Outputs Open | Vee=-45v | -285 | | mA 
Pvee=-aav | -20 |_| 


Notes: 1. Designed to meet specifications shown after thermal equilibrium has been established. Guaranteed with transverse air flow exceeding 
500 linear feet per minute. 
2. The relative values of the specified conditions and limits will be referenced to an algebraic scale. The extremities of the scale are: 
"Max.'’ the value closest to positive infinity. 
"Min."" the value closest to negative infinity. 
3. These are absolute voltages with respect to the device ground pin and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment and fixturing. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Notes 1, 2) 


Parameter 
Symbol | Parameter Description 


input or Feedback to Output 






| te | Se 
[ts [input or Feedback Seup Time ——~—S~C~S~S~S~ 
[wrote OCSC—CSCSCSC‘idS CC 
[ico | Clock to Outputor Feedback ——S=~=“‘“‘*SCS*~“‘“‘*~*sdSSC 
[tanfae | Asynchronous RESET/PRESET to RegisioredOupat————SSSdSCCS 
nnwfarw | Asynchronous RESETPRESET Width ——SSSCS~S~S 
Cwanfarn | Asynchronous RESET/PRESET Recovery Time ——~S~=~wd~CiCidCSCS 
os 






| tw | 

External Feedback |i/(isttco) | 125 || MHZ 

en |intemalFeedback | | 195 | MH 
| _tea | 
ter 
| tao 
| tro 





F 
al | NoFeedback | | 20 || Mz 
Tinputto Ouiput Enable SSCS 


Zs 
Notes: 


1. Designed to meet specifications shown after thermal equilibrium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 


2. Test conditions: see Setup for Testing Switching Characteristics. 





Input to Output Disable | ed 
Output Rise Time (20% — 80%) 


Output Fall Time (80% — 20%) 
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Definitions of Switching Parameters 


tpp: 


ts: 


tH: 


tco: 


taR/tap: 


taRw/taPw: 


taRR/taPR: 


tWL: 


tWH: 


tEA: 


teR: 


tro: 


tro: 


Signal propagation delay from an input or an 
1/O pin through the array to a combinatorial 
ouput. 


Time that input data must be valid before CLK 
edge. 


Time that input data must be valid after CLK 
edge. 


Delay between clock edge and data appearing 
at the output. 


Delay from an input or I/O pin activating 
asynchronous reset or preset to data appearing 
at a registered output. 


The minimum input or I/O pin pulse width 
needed to activate asynchronous reset or 
preset. 


Time that input or 1/O pin must inactivate 
asynchronous reset or preset before CLK edge. 


The minimum LOW clock width. 
The minimum HIGH clock width. 


Delay between input or |/O pin activating 
enable term and data appearing at outputs. 


Delay between input or I/O pin deactivating 
enable term and outputs going LOW. 


Time taken for an output signal voltage to 
swing from 20% to 80% of the full logic 
swing. 

Time taken for an output signal voltage to 
swing from 80% to 20% of the full logic 
swing. 


I, VO 


AR/AP 


CLK 


CLK 


ENABLE 
TERM 


teR 


PAL10H20EV8-6/PAL10020EV8-6 


twu 


== 


06176-018A 


WF027020 


; th 
ts tco 


06176-009A 






WF027030 


tanw/tapw 


taRRAAPR 


06176-012A 


twe 


tro 


06176-O11A 


WF027050 


06176C-013A 


WF026800 


80% 


20% 


06176-010A 


WF027060 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OuTPUTS 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
CHANGING 
FROMH TOL 


MAY CHANGE 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


CHANGING: 





KS000012 





Setup for Testing Switching Characteristics 


+2.0V 





25 uF 





vec vco1 vCcO2 


COAX COAX 
TP, 
TP out 
COAX 
Pulse 
Generator 
Veet 2.0 Vv 
LS003460 


Each oscilloscope channel input should have a 50 §2 termina- 
tion to ground. Oscilloscope bandwidth should be a least 1 GHz. 


The pulse generator should be capable of providing 1.5 ns rise 
and fall times (20% to 80%). 


All input and output cables should be equal lengths of matched 
50 S2 coaxial cable. Wire lengths between input (or I/O) pins 
and TPin or between output pins and TPoyt Should be less than 
1/4 in. long. Stubs should be avoided if possible; unavoidable 
stubs should be less than 2 in. long. 


Input and Output Equivalent Schematics 


vec 


50 kQ 


VEE VEE 


input 
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Used inputs that are not switching should be forced to Vi, or 
ViH. 


Outputs that are switching but not sensed should be terminated 
through 50 22 to ground. 


Unused inputs and outputs may be left open. 


Note that all voltages are shifted by +2.0 V with respect to 
normal ECL operating conditions in order to take advantage of 
the input terminations of the oscilloscope. 


Timing thresholds in this configuration are taken to be +0.7 V. 








081 76C-O18A 
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SWITCHING TEST WAVEFORM 
INPUT PULSE 


-0.9V 


-1.7V 





06176C-014A 
WF023080 
tR = tp = 2.2 ns Max. for 10KH 
tk = te = 1.0 ns Max. for 100K 
PRELOAD OF REGISTERED OUTPUTS levels necessary to perform the PRELOAD function are 


detailed below. 
The PAL1OH20EV8/PAL10020EV8 registered outputs are PRELOAD is accessed by applying Vpp on pin 23. The data to 


provided with circuitry to allow loading each register to either a be preloaded is set on the output pins. Bringing pin 23 back to 

HIGH or LOW state. This simplifies testing since any state can a logic-LOW level loads the data into the output registers. 

be loaded into the registers to control test sequencing. The pin During PRELOAD the outputs are disabled by a supervoltage 
on pin 11. 







Parameter Parameter 
Symboi Description 
Input HIGH Level During 
PRELOAD and Verify 
Input LOW Level During 7 7 
Voltage Applied to Pins 11 and 






Pin 3 


Pin 11 


Pin 23 


Outputs 





Enable Outputs 
Disable Outputs Apply External Data PRELOADed Remove External 
Inputs to be and PRELOAD __ Inputs 
Enable PRELOADed Disabled 
PRELOAD 
06176-016A 
WF027121 


PRELOAD Waveform 
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POWER-UP RESET 


The registers in the PAL1OH20EV8/PAL10020EV8 have been 
designed with the capability to RESET during system power- 
up. Following power-up, all registers will be LOW. The output 
state will depend upon the state of the output buffer and the 


polarity fuse. This feature provides extra flexibility to the — 


designer. A timing diagram and a parameter table are shown 
below. Due to the asynchronous operation of the power-up 


VEE 


Registered 
Active-LOW 
Output Pin 


CLK 
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Parameter Parameter 
Symboi Description 
Power- -Up 
Input or Feedback 
Setup Time 


Clock Width 


RESET and the wide range of ways Veg can fall to steady 
state, two conditions are required to insure a valid power-up 
RESET. These conditions are: 


1. The Veg fall must be monotonic. 
2. Following RESET, the CLK input must not be driven from 


LOW-to-HIGH until all applicable input and feedback 
setup times are met. 


'WLE 
06176C-017A 


WF026070 











See Switching Characteristics 
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Am2064/Am2018 


Programmable Gate Array 


DISTINCTIVE CHARACTERISTICS 


¢ Up to 1800 usable gate equivalence for higher 
board densities 


¢ TTL or CMOS input threshold levels allow for more 
board flexibility 


¢ Field programmable gate array means easy and 
quick design modifications 


ct 


Advanced 
Micro 
Devices 


¢ Reconfigurable device for multiple in-system 
patterns 


« Readback feature allows you to check 
configuration data 


GENERAL DESCRIPTION 


The Logic Cell Array” (LCA)” is a high density, CMOS 
programmable gate array. It is composed of an interior 
array of logic blocks, surrounded by a ring of |/O interface 
blocks. Unlike conventional gate arrays, however, the 
definition of logic functions and interconnections inan LCA 
device does not require any custom factory fabrication. The 
configurable logic blocks (CLBs), I/O blocks (lIOBs), and 
interconnection resources of the device are completely 
user-configurable. Each device is identical until it is config- 
ured. When configured, the LCA then begins operating 
according to the logic defined by the user. An LCA can 
either load its configuration data automatically from an 
external EPROM or have the data loaded under micropro- 
cessor control. The LCA is configured each time it is 
powered up, and offers the user the unique benefit of being 
able to reconfigure in-system at any time during operation. 


The Logic Array is a CMOS, static RAM-based device. 
Static RAM technology is a mature technology that has 
been in production for years, with millions of operating 
device hours. Compared to other programming alterna- 


XILINX™: XACT™: XACTOR™: Logic Cell™ Array and LCA™ are 
trademarks of XILINX Inc. IBM ® is a registered trademark of 
International Business Machines Corporation. PC-AT™ is a trade- 
mark of International Business Machines Corporation. Daisy™ is 
a trademark of Daisy Corporation. Mentor is a trademark of 


Mentor Corporation. 


Portion of this Data Sheet reproduced with the permission of 
XILINX Inc. 





tives, static memory provides the best combination of high 
density, high performance, high reliability, and comprehen- 
sive testability. The LCA is the first device to apply the 
benefits of static RAM technology to overcome the disad- 
vantages of conventional gate arrays. The static memory 
cells used for the configuration memory of the LCA have 
been designed specifically for high reliability and noise 
immunity. The memory cell of the LCA is much more stable 
than a typical high-speed conventional memory cell. 


PGA development system software is available for all 
phases of the design cycle. From design entry through 
simulation, both logic and timing, automatic placement and 
routing, and in-circuit emulation, software that operates on 
an IBM®-PC-AT™ or compatible system speeds the design 
process. For users of Daisy” or Mentor” workstations, 
interfaces for PGA design are also available from AMD. A 
valid workstation interface is available from Valid Logic 
Systems. 
(Usable 


Part 
Number 
Gates) 


















Config- 
uration 
Program 
(Bits) 


Logic 
Capacity 



















Publicati Bev. Amendment 
10352 B /0 


Issue Date: May 1989 








ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: a. Device Number 

. Speed Option (if applicable) 

. Package Type 

. Temperature Range 

. Number of Pins 


oaods 


Am2018- 50 J C 068 


Lt e. NUMBER OF PINS 


028 (28 Pins) 
044 (44 Pins) 
048 (48 Pins) 
068 (68 Pins) 
084 (84 Pins) 


d. TEMPERATURE RANGE 
C = Commercial 
| = Industrial 


c. PACKAGE TYPE 
P = Plastic DIP 
J = Plastic Leaded Chip Carrier 
G = Pin Grid Array 


b. SPEED OPTION 
-33 (83 MHz Toggle Rate) 
-50 (50 MHz Toggle Rate) 
-70 (70 MHz Toggie Rate) 
-100 (100 MHz Toggle Rate) 


a. PART NUMBER 
2064 (1200 Gates) 
2018 (1800 Gates) 


PACKAGE AVAILABILTY 


PART 28-PIN 44-PIN 68-PIN 68-PIN 84-PIN 
NUMBER PLCC PLCC PLCC PGA PLCC 


OO 
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MILITARY ORDERING INFORMATION 


APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed by a 
combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Ciass 

d. Package Type 

e. Lead Finish 

Am2018 - 50 /B 


C 
L_ e. LEAD FINISH 


C = Gold 
d. PACKAGE TYPE 
Z = 68-pin PGA (Am2064) 
T = 84-pin PGA (Am2018) 
c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 
-20 (20 MHz Toggle Rate) 
-33 (33 MHz Toggle Rate) 
-50 (50 MHz Toggle Rate) 
-70 (70 MHz Toggle Rate) 


a. DEVICE NUMBER 
Am2064 1200 Gates, 58 I/OBs 
Am2018 1800 Gates, 74 I/OBs 
Valid Combinations 


Am2064-20 
Am2064-33 /BZC 


Valid Combinations 












Valid Combinations list configurations planned to be supported in volume for this 
device. Consult the local AMD sales office to confirm availability of specific valid 
combinations, or to check on newly released valid combinations, and to obtain 
additional data on AMD’s standard military grade products. 


Am2064-50 


Am2018-20 
Am2018-33 
Am2018-50 
Am2018-70 








Group A Tests 
Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 


User Configu- Max Max Packages 
V/Os ration Standby | Standby 
| | Program Current Current 
Bits (CMOS 
Inputs) 


Am2064-20} 8x8 1200 64 58 12048 10 mA 10 mA 68PGA 20 MHz 
Am2018-20} 10x10 1800 100 74 17888 15 mA 10 mA 84PGA 20 MHz 
Am2064-33} 8x8 1200 64 58 12048 10 mA 10 mA 68PGA 33 MHz 
Am2018-33] 10x10 1800 100 74 17888 15 mA 10 mA 84PGA 33 MHz 


Am2064-50} 8x8 1200 64 58 12048 10 mA 10 mA 68PGA 50 MHz 
Am2018-50} 10x10 1800 100 74 17888 15 mA 10 mA 84PGA 50 MHz 


SILICON MENU 






































AMD Organ- 
Part ization 


Configu- 
rable 
Logic 
Block 
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FUNCTIONAL DESCRIPTION 


The general structure of a Logic Cell Array is shown in Figure 1. 
The elements of the array include three categories of user- 
programmable elements: I/O Blocks, Configurable Logic 
Blocks and Programmable Interconnections. The I/O Blocks 
provide an interface between the logic array and the device 
package pins. The Configurable Logic Blocks perform user- 
specified logic functions, and the interconnect resources are 





CONFIGURABLE 


LOGIC BLOCK a 


f 


programmed to form networks that carry logic signals among 
blocks. 

Configuration of the Logic Cell Array is established through a 
distributed array of memory cells. The PGA Development System 
generates the program used to configure the Logic Cell Array. The 
Cell Array includes logic to implement automatic configuration. 


VO BLOCK 


iF iF 


wanes 


Ht Tu 


<+————— INTERCONNECT AREA —————-> 


tb fbi ak 
oi oF @ 


Figure 1. Logic Cell Array Structure 





Configuration Memory 


The configuration of the Advanced Micro Devices’ Logic Cell 
Array is established by programming memory cells which 
determine the logic functions and interconnections. The 
memory loading process is independent of the user logic 
functions. 


The static memory cell used for the configuration memory in 
the Logic Cell Array has been designed specifically for high 
reliability and noise immunity. Based on this design, integrity of 
the LCA configuration memory is assured even under adverse 
conditions. Compared with other programming alternatives, 
static memory provides the best combination of high density, 
high performance, high reliability and comprehensive 
testability. As shown in Figure 2, the basic memory cell 
consists of two CMOS inverters plus a pass transistor used for 
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writing data to the cell. The cell is only written during 
configuration and only read during readback. During normal 
operation the pass transistor is "off" and does not affect the 
stability of the cell. This is quite different from the normal 
operation of conventional memory devices, in which the cells 
are continuously read and written. 


The outputs Q and Q control pass-transistor gates directly. 
The absence of sense amplifiers and the output capacitive 
load provide additional stability to the cell. Due to the structure 
of the configuration memory cells, they are not affected by 
extreme power supply excursions or very high levels of alpha 
particle radiation. In reliability testing no soft errors have been 
observed, even in the presence of very high doses of alpha 
radiation. 


Am2064/Am2018 





READ or WRITE 





DATA 


Ta ate ara patna etetatetete statetereeta patna eater atte ate! 





CONFIGURATION 
_ CONTROL 


erste eoetel wate stebatetyt ata’ stelelotatelotetatetetetetetotetatate’ stetefetarstotateteter? 
SN tne ta ete eteratetetenetatetatetataeteeteetaete 


Figure 2. Configuration Memory Cell 


Input/Output Block 


Each user-configurable |/O block (IOB) provides an interface 
between the external package pin of the device and the 
internal logic. Each !/O block includes a programmable input 
path and a programmable output buffer. It also provides input 
clamping diodes to provide protection from electrostatic 
damage, and circuits to protect the LCA from latch-up due to 
input currents. Figure 3 shows the general structure of the I/O 
block. 


The input buffer portion of each I/O block provides threshold 
detection to translate external signals applied to the package 
pin to internal logic levels. The input buffer threshold of the I/O 
blocks can be programmed to be compatible with either TTL 
(1.4 V) or CMOS (2.2 V) levels. The buffered input signal drives 
both the data input of an edge-triggered D-type flip-flop and 
one input of a two-input multiplexer. The output of the flip-flop 





SeByUetdcagegesttnesstesantessegscscecssesenicisasecesacacecocestcerareces teegerecetarecacscesenesegeaeatatetatatecetenetatetatatetatataatehatacatetatetetatate“etsteratatatetnanstatastateretatatetatatatataatetetatst 


_ PROGRAM-CONTROLLED 
MULTIPLEXER 


provides the other input to the multiplexer. The user can select 
either the direct input path or the registered input, based on the 
content of the memory cell controlling the multiplexer. The I/O 
blocks along each edge of the die share common clocks. The 
flip-flops are reset during configuration as well as by the 
active-low chip RESET input. 


Output buffers in the I/O blocks provide 4-mA drive for high 
fan-out CMOS or TTL-compatible signal levels. The output data 
(driving !/O block pin O) is the data source for the !/O block 
output buffer. Each I/O block output buffer is controlled by the 
contents of two configuration memory cells which turn the 
buffer ON or OFF or select logical three-state buffer control. 
The user may also select the output buffer three-state control 
(/O block pin TS). When this I/O block output contro! signal is 
HIGH (a logic "1") the buffer is disabled and the package pin is 
high-impedance. 





TS (OUTPUT ENABLE) 


OUT 





VO CLOCK 


Figure 3. /O Block 
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Configurable Logic Block 


An Array of Configurable Logic Blocks (CLBs) provides the 
functional elements from which the user’s logic is constructed. 
The logic blocks are arranged in a matrix in the center of the 
device. The Am2064 has sixty-four such blocks arranged in an 
eight-row by eight-column matrix. The Am2018 has one hundred 
logic blocks arranged in a ten by ten matrix. Each logic block has 


a combinatorial logic section, a storage element, and an internal 
routing and control section. Each CLB has four general-purpose 
inputs; A, B, C, and D; and aspecial clock input (K), which may be 
driven from the interconnect adjacent to the block. Each CLB also 
has two outputs, X and Y, which may drive interconnect networks. 
Figure 4 shows the resources of a Configurable Logic Block. 


COMB. 
LOGIC 


INPUTS 


00 OP 


Cc 






OUTPUTS 





“atatel Bovelaleteleleretelelereteteleteteteteretereterarereleretetetetareterereteretererscarstarererarsretetatatetetetaretetateretare: 


LOCK 


Figure 4. Configurable Logic Block 





The logic block combinatorial logic uses a table look-up 
memory to implement Boolean functions. This technique can 
generate any logic function of up to four variables with a high- 
speed sixteen-bit memory. The propagation delay through the 
combinatorial network is independent of the function 


VARIABLES 
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generated. Each block can perform any function of four 
variables or any two functions of three variables each. The 
variables may be selected from among the four inputs and the 
block's storage element output "Q". Figure 5 shows various 
options which may be specified for the combinatorial logic. 
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Figure 5. CLB Combinatorial Logic Options 
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If the single four-variable configuration is selected (Option 1), 
the F and G outputs are identical. If the two-function 
alternative is selected (Option 2), logic functions F and G may 
be independent functions of three variables each. The three 
variables can be selected from among the four logic block 
inputs and its storage element output Q. A third form of the 
combinatorial logic (Option 3) is a special case of the two- 
function form in which the B input dynamically selects between 
the two function tables providing a single merged logic function 
output. This dynamic selection allows some five-variable 
functions to be generated from the four block inputs and 
storage element Q. Combinatorial functions are restricted in 
that one may not use both its storage element output Q and the 
input variable of the logic block pin D in the same function. 


If used, the storage element in each Configurable Logic Block 
(Figure 6) can be programmed to be either an edge-sensitive 
D-type flip-flop or a level-sensitive D latch. The clock or enable 
for each storage element can be selected from: 


e The special-purpose clock input K 
e The general-purpose input C 
e The combinatorial function G 





Figure 6. CLB Storage Element 





The user may also select the clock active sense within each 
logic block. This programmable inversion eliminates the need 
to route both phases of a clock signal throughout the device. 


The storage element data input is supplied from the function F 
output of the combinatorial logic. Asynchronous SET and 
RESET controls are provided for each storage element. The 
user may enable these controls independently and select their 
source. They are active-high inputs and the asynchronous 
reset is dominant. The storage elements are reset by the 
active-low chip RESET pin as well as by the initialization phase 
preceding configuration. If the storage element is not used, it 
is disabled. 





The two block outputs, X and Y, can be driven by either the 
combinatorial functions, F or G, or the storage element output 
Q (Figure 4). Selection of the outputs is completely 
interchangeable and may be made to optimize routing 
efficiencies of the networks interconnecting the logic blocks 
and 1/O blocks. 


Programmable Interconnect 


Programmable Interconnection resources in the Logic Cell Array 
provide routing paths to connect inputs and outputs of the I/O and 
logic blocks into desired networks. All interconnections are 
composed of metal segments, with programmable switching 
points provided to implement the necessary routing. Three types 
of resources accommodate different types of networks: 


¢ General purpose interconnect 
* Long lines 
« Direct connection 


General-Purpose Interconnect 


General-purpose interconnect, as shown in Figure 7a, is 
composed of four horizontal metal segments between the rows 
and five vertical metal segments between the columns of logic 
and I/O blocks. Each segment is only the "height" or "width” of 
a logic block. Where these segments would cross at the 
intersections of rows and columns, switching matrices are 
provided to allow interconnections of metal segments from the 
adjoining rows and columns. Switches in the switch matrices 
and on block outputs are specially designed transistors, each 
controlled by a configuration bit. 
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Figure 7a. General-Purpose Interconnect 
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Logic block output switches provide contacts to adjacent general 
interconnect segments and therefore to the switching matrix at 
each end of those segments. A switch matrix can connect an 
interconnect segmentto other segments to form a network. Figure 
7ashows the general interconnect used to route a signal from one 
logic block to three other logic blocks. As shown, combinations of 
closed switches in a switch matrix allow multiple branches for 
each network. The inputs of the logic or I/O blocks are multiplexers 
that can be programmed with configuration bits to select an input 
network from the adjacent interconnect segments. Since the 
switch connections to block inputs are unidirectional (as are block 
outputs) they are usable only for input connections. The develop- 
ment system software provides automatic routing of these inter- 
connections. Interactive routing is also available for design 
optimization. This is accomplished by selecting a network and 
then toggling the states of the interconnect points by selecting 
them with the “mouse”. In this mode, the connections through the 
switch matrix may be established by selecting pairs of matrix pins. 
The switching matrix combinations are indicated in Figure 7b. 


Special buffers within the interconnect area provide periodic 
signal isolation and restoration for higher general interconnect 
fan-out and better performance. The repowering buffers are 
bidirectional, since signals must be able to propagate in either 
direction on a general interconnect segment. Direction controls 
are automatically established by the Logic Cell Array develop- 
ment system software. Repowering buffers are provided only for 
the general-purpose interconnect since the direct and long-line 
resources do not exhibit the same R-C delay accumulation. The 
Logic Cell Array is divided into nine sections with buffers automati- 
cally provided for general interconnect at the boundaries of these 
sections. These boundaries can be viewed with the development 
system. For routing within a section, no buffers are used. The 
delay calculator of the PGA Development System automatically 
calculates and displays the block, interconnect, and buffer delays 
for any selected paths. 


5-VERTICAL GENERAL INTERCONNECT 
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4-HORIZONTAL 
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1 = VALID CONNECTION 
0 = INVALID CONNECTION 


Figure 7b. Interconnection Switching Matrix 
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Long Lines 


Long lines, shown in Figure 8a, run both vertically and 
horizontally the height or width of the interconnect area. Each 
vertical interconnection column has two long lines; each 
horizontal row has one, with an additional long line adjacent to 
each set of I/O blocks. The long lines bypass the switch 
matrices and are intended primarily for signals that must travel 
a long distance or must have minimum skew among multiple 
destinations. 


CLB 


SWITCH 
MATRIX 





TWO VERTICAL 
LONG LINES 


A global buffer in the Logic Cell Array is available to drive a 
single signal to all B and K inputs of logic blocks. Using the 
global buffer for a clock provides a very low skew, high fan-out 
synchronized clock for use at any or all of the logic blocks. At 
each block, a configuration bit for the K input to the block can 
select this global line as the storage element clock signal. 
Alternatively, other clock sources can be used. 


CLB 


CLB 


HORIZONTAL 
LONG LINE 


CLB 


GLOBAL 
LONG LINE 


Figure 8a. Long Line Interconnect 





A second buffer below the bottom row of the array drives a 
horizontal long line which, in turn, can drive a vertical long line 
in each interconnection column. This alternate buffer also has 
low skew and high fan-out capability. The network formed by 
this alternate buffer's long lines can be selected to drive the B, 


C or K inputs of the logic blocks. Alternatively, these long lines 
can be driven by a logic or I/O block on a column-by-column 
basis. This capability provides a common, low-skew clock or 
control line within each column of logic blocks. Interconnec- 
tions of these long lines are shown in Figure 8b. 
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Figure 8b. Am2064 Long Lines, !/O Clocks, I/O Direct Interconnect 
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Direct Interconnect 


Direct interconnect, shown in Figure 9, provides the most 
efficient implementation of networks between adjacent logic or 
/O blocks. Signals routed from block to block by means of 
direct interconnect exhibit minimum interconnect propagation 
and use minimum interconnect resources. For each CLB, the X 
output may be connected directly to the C or D inputs of the 
CLB above and to the A or B inputs of the CLB below it. The Y 


A 
B 
: CLB 
K 
D 


output can use direct interconnect to drive the B input of the 
block immediately to its right. Where logic blocks are adjacent 
to 1/O blocks, direct connect is provided to the I/O block input 
(1) on the left edge of the die, the output (O) on the right edge, 
or both on I/O blocks at the top and bottom of the die. Direct 
interconnections of I/O blocks with CLBs are shown in Figure 
8b. 
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Figure 9. Direct Interconnect 


Crystal Oscillator 


An internal high-speed inverting amplifier is available to 
implement an on-chip crystal oscillator. It is associated with 
the auxiliary clock buffer in the lower right corner of the die. 
When configured to drive the auxiliary clock buffer, two special 
adjacent user I/O blocks are also configured to connect the 
oscillator amplifier with external crystal oscillator components, 
as shown in Figure 10. This circuit becomes active before 
configuration is complete in order to allow the oscillator to 
stabilize. Actual internal connection is delayed until completion 
of configuration. The feedback resistor R1 between output and 
input, biases the amplifier at threshold. It should be as large a 
value as practical to minimize loading of the crystal. The 
inversion of the amplifier, together with the R-C networks and 
crystal, produces the 360-degree phase shift of the Pierce 
oscillator. 


A series resistor R2 may be included to add to the amplifier 
output impedance when needed for phase-shift control or 
crystal resistance matching or to limit the amplifier input swing 
to control clipping at large amplitudes. Excess feedback 
voltage may be adjusted by the ratio of C2/C1. The amplifier is 
designed to be used over the range from 1 MHz up to one-half 
the specified CLB toggle frequency. Use at frequencies below 
1 MHz may require individual characterization with respect to a 
series resistance. Operation at frequencies above 20 MHz 
generally requires a crystal to operate in a third overtone 
mode, in which the fundamental frequency must be 
suppressed by the R-C networks. When the amplifier does not 
drive the auxiliary buffer, these I/O blocks and their package 
pins are available for general user I/O. 
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ALTERNATE 
CLOCK BUFFER 


SUGGESTED COMPONENT VALUES 
R1 1-4MQ 


R2 0-1KQ 

(may be required for low frequency, phase 
shift and/or compensation level for crystal Q) C1 
C1,C2 5-20pf 

Y1. 1—10MHzAT cut 
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Figure 10. Crystal Oscillator 





Power 
Power Distribution 


Power for the LCA is distributed through a grid to achieve high 
noise immunity and isolation between logic and I/O. For packages 
having more than forty-eight pins, two V., pins and two ground 
pins are provided (see Figure 11). Inside the LCA, a dedicated 
Voge and ground ring surrounding the logic array provides power 
to the I/O drivers. An independent matrix of V.,, and ground lines 
supplies the interior logic of the device. This power distribution 
grid provides a stable supply and ground for all internal logic, 
providing the external package power pins are appropriately 
i decoupled. Typically a 0.1-uF capacitor connected between the 


= 
+ 
+ 
+ 
+ 
+ 
+ 
a 





Voge and ground pins near the package will provide adequate 
decoupling. 


Output buffers capable of driving the specified 4-mA loads 
under worst-case conditions may be capable of driving 25 to 30 
times that current in a best case. Noise can be reduced by 
minimizing external load capacitance and reducing 
simultaneous output transitions in the same direction. It may 
also be beneficial to locate heavily-loaded output buffers near 
the ground pads. Multiple VCC and ground pin connections are 
required for package types which provide them. 


GROUND AND 
Vec RING FOR 
VO DRIVERS 


Figure 11. LCA Power Distribution 
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Am3020/3030/3042/3064/3090 Advanced 
Am3000 Series Family of Programmable Gate Arrays Devices 


DISTINCTIVE CHARACTERISTICS 


= Second generation user-programmable gate a 


array 


100% factory pre-tested 


Selectable configuration modes 


™ Flexible array architecture 


— High performance 


-— 50, 70, 100 MHz commercial products 
— 50, 70 MHz military products 


= improved interconnection resources 


100% compatibility with AMD PGA 
development tools 


Standard PROM file interface 
= Off the shelf availability 


@ Density of up to 9000 gates 


GENERAL DESCRIPTION 


The Am3000 Series Logic Cell™ Array (LCA) is a high- 
performance, second generation user-programmable 
gate array. The array contains three types of configur- 
able elements that are customized in accordance with 
the user-defined system design; a perimeter of Input/ 
Output Blocks (IOBs), a core array of Configurable 
Logic Blocks (CLBs), and interconnection resources. 


The final configuration of the three main programmable 


design tools. 


design, 


simulation on popular CAE workstations. 


elements is determined by the user and easily 


BLOCK DIAGRAM 


Logic Cell is a trademark of Xilinx, Inc. 


IBM PC-AT is a trademark of International Business Machines Corp. 
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Publication # 10642 


Rev. B 


issue Date: August 1989 


implemented by AMD user-programmable gate array 


AMD's development tools let users produce a complete 
from schematic capture through device 
customization, on an IBM PC-AT'™ compatible 
computer. LCA macro libraries and interface software 
are also available to support schematic capture and 
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PRODUCT SELECTOR GUIDE 


BASIC LOGIC CAPACITY CONFIGURABLE USER PROGRAM 
ARRAY (USABLE GATES) LOGIC BLOCKS V/OS DATA (BITS) 


Am3020 | : 14779 


Am3030 300 22176 
Am3042 | 7 | 30784 
Am3064 46064 
Am3090 7 | 64160 





ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Number of Pins 


AM3020 -50 J Cc 068 
| (eee e. NUMBER OF PINS 
068 (68 pins) 
084 (84 pins) 
132 (132 pins)* 
175 (175 pins) 


d. TEMPERATURE RANGE 
C = Commercial (0°C to 70°C) 
| = Industrial (-40°C to +85°C) 


c. PACKAGE TYPE 
J = Plastic Leaded Chip Carrier 
G = Pin Grid Array 


b. SPEED OPTION 
-50 (50 MHz toggle rate) 
-70 (70 MHz toggle rate) 
-100 (100 MHz toggle rate) 
a. DEVICE NUMBER/DESCRIPTION 
Am3000 Series of Programmable Gate Arrays 






Am3020 (2000 gates) 

Am3030 (3000 gates) 

Am3042 (4200 gates) 

Am3064 (6400 gates) _ 

Am3090 (9000 gates) 





68-4 in PLCC | 68-pin PGA 84-pin PLCC | 84-pin PGA 175-p in PGA| 


"in development ** Package types for the Am3064 are to be determined 
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ORDERING INFORMATION 
Military APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Ap- 
proved Products List products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for 
APL products is formed by a combination of: a. Device Number 

b. Speed/Power Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM3020 -50 /B Z Cc 


Lo e. LEAD FINISH 


C = Gold 


d. PACKAGE TYPE 
Z = 84-pin PGA (Am3020) 
Z = 84-pin PGA (Am3030) 
Z = 132-pin PGA (Am3042)* 
Z = 132-pin PGA (Am3064)* 
Z = 175-pin PGA (Am3090) 


c. DEVICE CLASS 
/B = Class B 


b. SPEED/POWER OPTION 
-50 = 50 MHz Toggle Rate 
-70 = 70 MHz Toggle Rate 
a. DEVICE NUMBER/DESCRIPTION 
AM3000 Series of Programmable Gate Arrays 
Am3020 (2000 Gates) 
Am3030 (3000 Gates) 
Am3042 (4200 Gates) 
Am3064 (6400 Gates) 
Am3090 (9000 Gates) 





Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 


Valid Combinations 


|_Am3020-70_ | 
|__Am3030-50___| 
eee 


Am3090-50 
Am3090-70 









Group A Tests 


Group A Tests consist of Subgroups 1, 2, 3, 7, 8, 
9, 10, 11. 








Military Burn-in 
Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD’s option. 


*In development 
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ARCHITECTURE 
Functional Description 


The perimeter of configurable IOBs provides a 
programmable interface between the internal logic array 
and the device package pins. The array of CLBs 
performs user-specified logic functions. The 
interconnections are programmed to form networks, 
carrying logic signals among blocks. This is analogous 
to printed circuit board traces connecting MSI/SSI 
packages. 


The logic functions of these blocks are determined by 
programmed look-up tables. Functional options are 
performed by  program-controlled multiplexers. 
Interconnecting networks between blocks are 
composed of metal segments joined by 
program-controlled pass transistors. These LCA 
functions are activated by a configuration bit stream that 
is loaded into an internal, distributed array of 
configuration memory cells. The configuration bit 
stream is loaded into the LCA device at power-up and 
can be reloaded on command. The LCA device includes 
logic and control signals for automatic or passive 
configuration. Configuration data can be either bit serial 
or byte parallel. The PGA Development System 
generates the configuration bit stream used to configure 
the LCA device. The memory loading process is 
independent of the user logic functions. 


Configuration Memory 


The static memory cell used for the LCA’s configuration 
memory has been designed specifically for high 
reliability and noise immunity, ensuring integrity even 
under adverse conditions. Static memory provides the 


No Sa 
BH 





READ or WRITE 


DATA 





best combination of high density, high performance, 
high reliability, and comprehensive testability. As shown 
below, the basic memory cell consists of two CMOS 
inverters and a pass transistor, which is used for writing 
and reading cell data. The cell is only written during 
configuration and only read during readback. During 
normal operation, the pass transistor is off and does not 
affect the stability of the cell. This is quite different from 
the operation of conventional memory devices, in which 
the cells are frequently read and re-written. 


A static configuration memory cell is loaded with one bit 
of the configuration bit stream and controls one data 
selection in the LCA device. The memory cell outputs Q 
and Q use full Ground and Vcc levels and provide 
continuous, direct control. The additional capacitive 
load, together with the absence of address decoding 
and sense amplifiers, gives the cell high stability. 


Due to the structure of the configuration memory cells, 
they are not affected by extreme power supply 
excursions or very high levels of alpha particle radiation. 
No soft errors have been observed in reliability testing, 
even in the presence of very high doses of alpha 
radiation. 


The method of loading the configuration data is 
selectable. Two methods use serial data, while three 
use byte-wide data. The internal configuration logic 
uses framing information, which is embedded in the 
configuration data by the PGA Development System, to 
direct memory cell loading. The serial data framing and 
length count preamble provide synchronous, serial, or 
daisy-chained compatibility with various AMD 
programmable gate arrays. 
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: CONFIGURATION 
: CONTROL 
—-o 
10642-019A 


Figure 1. Basic Memory Cell 
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Input/Output Blocks 


Each user-configurable |OB, shown below, provides an 
interface between the device's external package pin and 
the internal user logic. Each IOB includes both 
registered and direct input paths and each provides a 
programmable three-state output buffer that can be 
driven by a registered or direct output signal. 
Configuration options allow a choice of polarity on the 
output and three-state control signals, a controlled slew 
rate, and a high impedance pull-up. Each input circuit 
provides input clamping diodes for electrostatic 
protection, and circuits to inhibit latch-up produced by 
input currents. 


The input buffer portion of each IOB provides threshold 
detection to translate external signals applied to the 
package pin to internal logic levels. The global 
input-buffer threshold of the |OBs can be programmed 
for TTL or CMOS voltage levels. The buffered input 
signal drives the data input of a storage element that can 
be configured as a positive edge-triggered D flip-flop, or 
a level-transparent latch. The sense of the clock can be 


THREE-STATE ——ppi= 
(OUTPUT ENABLE) 


$ 
: 
2 
$ 


OUT —>= 


DIRECTIN ——! 
REGISTERED IN —— 


PROGRAM 
CONTROLLED 
MULTIPLEXER 


O = PROGRAMMABLE INTERCONNECTION POINT (PIP) 





inverted (negative edge/high transparent) as long as all 
IOBs on the same clock net use the same clock sense. 
Clock/load signals, |OB pins .ik and .ok, can be chosen 
from either of two available metal lines along each die 
edge. I/O storage elements are reset during 
configuration or by the active low chip RESET input. 
Both direct input from IOB pin .i, and registered input 
from IOB pin .q signals are available for interconnect. 


For reliable operation, inputs should have transition 
times less than 100 ns and should not be left undriven, 
or floating. Unused CMOS input-pin circuits can be at 
threshold and produce oscillations. This produces 
additional power dissipation and system noise. A typical 
hysteresis of about 300 mV reduces input noise 
sensitivity. Each user 1OB includes a programmable 
high impedance pull-up resistor that can be selected by 
the bit stream and which provides a constant HIGH for 
otherwise undriven package pins. Although the LCA 
device provides circuitry for input protection against 
electrostatic discharge, normal CMOS handling 
precautions should be observed. 


THRESHOLD 


(GLOBAL RESET) 


10642-001A 


Figure 2. Input/Output Block 
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Flip-flop loop delays for the IOB and logic block flip-flops 
are about 3 ns. This increases reliability, especially for 
asynchronous clock and data conditions. Short loop de- 
lays minimize the probability of a metastable condition, 
which can result from assertion of the clock during data 
transitions. Because of the short loop delay in LCA de- 
vices, the I/O flip-flops can be used to synchronize ex- 
ternal signals applied to the device. Once synchronized 
inthe IOB, the signals can be used internally without re- 
gard to their clock-relative timing, except as it applies to 
the internal logic and routing path delays. 


Output buffers of the |OBs provide CMOS-compatible 4 


mA source-or-sink drive for high fan-out CMOS or TTL 
compatible signal levels. The network driving |OB pin .o 
becomes the registered or direct data source for the 


output buffer. The three-state control signal, OB pin.ts, - 


can control output activity. An open-drain type output 
can be obtained by using the same signal for driving the 
output and three-state signal nets, so that the buffer 
output is enabled only for a LOW. 


The configuration memory cells, shown in Figure 2, 
control the optional output register and logical signal 
inversion, as well as the three-state and slew rate 
configuration bits. A choice of two clocks is available on 
each die edge. All user inputs are programmed for TTL 
or CMOS thresholds. 


The IOB includes input and output storage elements 
and the following I/O options selected by configuration 
memory cells. 


— Logical inversion of the output is controlled by 
one configuration bit per IOB. 


— Logical three-state control of each IOB output 
buffer is determined by the states of the 
configuration data bits that turn the buffer on/off or 
select the output buffer three-state control 
interconnection, |OB pin .ts. When this 1OB output 
control signal is HIGH, or logic 1, the buffer is 
disabled and the package pin is high impedance. 
Inversion of the buffer three-state control logic 
sense, output enable, is controlled by an additional 
configuration data bit. 


— Direct or registered output is selectable for each 
IOB. The register uses a positive-edge, clocked 
flip-flop. The clock source, IOB pin .ok, can be 
supplied by either of two metal lines, which are 
available along each die edge. Each of these lines 
is driven by an invertible buffer. 


— Increased output transition speed can be 
selected to satisfy critical nets. Slower transitions 
reduce Capacitive load peak currents of non-critical 
outputs and minimize system noise. 


-— Ahigh impedance pull-up resistor can be used to 
prevent floating, unused inputs. 


The table below summarizes the I/O options. 


INPUTS OUTPUTS 

Direct Direct/registered 
Flip-flop/latch Inverted/true 
CMOS/TTL threshold 


Full speed/slew limited 
Optional three-state control 


(chip inputs) 
Optional pull-up 
resistor 


Configurable Logic Blocks 


CLBs are the functional elements from which the user’s 
logic is constructed. The logic blocks are arranged in a 
matrix within the perimeter of IOBs. The Am3020 has 64 
such blocks arranged in eight rows and eight columns. 
The PGA Development System compiles the 
configuration data, which defines the operation and 
interconnection of each block. Users can define CLBs 
and their interconnecting networks by automatic 
translation from a schematic capture logic diagram or, 
optionally, by installing library or user macros. 


Each CLB has a combinational logic section, two 
flip-flops, and an internal control section. As shown in 
the following figure, there are five logic inputs (.a, .b, .c, 
.d, and .e), acommon clock input (.k), an asynchronous 
direct reset input (.rd), and a clock enable (.ec). All can 
be driven from the interconnection resources adjacent 
to the blocks. Each CLB also has two outputs (.x and .y) 
that can drive interconnection networks. 


Data input for either flip-flop within a CLB is supplied 
from the F or G function outputs of the combinational 
logic, or the direct data input, .di. Both flip-flops in each 
CLB share the asynchronous reset, .rd, which, when 
enabled and HIGH, is dominant over clocked inputs. All 
flip-flops are reset by the active-LOW chip input, 
RESET, or during the configuration process. The 
flip-flops share the clock enable (.ec), which, when 
LOW, recirculates the present states of the flip-flops and 
inhibits response to the data-in or combinational 
function inputs on a CLB. The user can enable these 
control inputs and select their sources. The user also 
can select the clock net input (.k) and its active sense in 
each logic block. This programmable inversion 
eliminates the need to route both phases of a clock 
signal throughout the device. Flexible routing allows use 
of common or individual CLB clocking. 


The combinational logic portion of the CLB uses a 
32-by-1 look-up table to perform Boolean functions. 
Variables selected from the five logic inputs and two 
internal block flip-flops are used as table address inputs. 
The combinational propagation delay through the 
network is independent of the logic function generated 
and is spike free for changes in single input variables. 
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"Figure 3. Configurable Logic Block _ 
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This technique can generate a single function of five 
variables, as shown below. 








Figure 4. Combinatorial Logic Option 





it can also generate any two logic functions of up to four 
variables each. 
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Figure 5. Combinatorial Logic Option 2 
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Itcan also generate some functions of seven variables, 
as shown in the next figure. 
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The partial functions of six or seven variables are are identical. Symmetry of the F and G functions and the 
generated by the input variable, .e, which dynamically flip-flops helps optimize the routing of the networks 
selects between two functions of four different variables. connecting the logic blocks and IOBs. 

For the two functions of four variables each, the 
independent results, F and G, can be used as data The next figure shows a modulo 8 binary counter with 
inputs to either flip-flop or either logic block output. For ‘Parallel enable. It uses one CLB of each type. 

the single function of five variables and merged 

functions of six or seven variables, the F and G outputs 
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Figure 7. C8BCP Macro (modulo 8 binary counter with parallel enable and clock enable) 
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INTERCONNECTIONS 
Programmable Interconnections 


Programmable interconnection resources in the LCA 
device provide routing paths to connect inputs and 
outputs of the I/O and logic blocks into logical networks. 
Interconnections between blocks are composed of 
two-layer grid of metal segments. Specially designed 


Interconnection 
"PIPs “ 


Configurable 
Logic Block 





pass transistors, each controlled by a configuration bit, 
form programmable interconnect points (PIPs) and 
switching matrices used to implement the necessary 
connections between selected metal segments and 
block pins. The figure below provides an example of a 
routed net. 


Switching 
Matrix 


Interconnection 
Buffer 





Figure 8. Routing Resources 
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The PGA Development System automatically routes 
these interconnections. Interactive routing can also be 
done to optimize the design. The inputs of the CLB or 
IOB are multiplexers that can be programmed to select 
an input network from the adjacent interconnection seg- 
ments. 


Note: The switch connections to block inputs are usable 
only for input connection, and not for routing, because 
they are unidirectional (as are block outputs). 


The figure below illustrates routing access to logic block 
input variables, control inputs, and block outputs. 


Three types of metal resources are available for network 
interconnections. 


— General-Purpose Interconnection 
~ Direct Connection 


— Long Lines 





Vertical Long Lines 





CLB Control Inputs 


CLB X Outpu 


Global Long Line 


ntal Long Lines 
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Figure 9. Routing Access to Inputs, Outputs 
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General-Purpose Interconnections 


A general-purpose interconnection, as shcwn below, 
consists of a grid of five horizontal and five vertical metal 
segments located between the rows and columns of 
CLBs and IOBs. These segments can be connected 
through switch matrices to form networks for CLB and 
1OB inputs and outputs. 





Grid Of General Interconnection 
Metal Segments 


Switching 
Matrix 


Figure 10. General Purpose Interconnections 


Each segment is the height or width of a logic block. 
Switching matrices join the ends of these segments and 
allow programmed interconnections between the metal 
grid segments of adjoining rows and columns. The 
switches of an unprogrammed device are all non-con- 
ducting. The connections through the switch matrix can 
be made by automatic routing, or by using Editnet to se- 
lect the desired pairs of matrix pins that are to be con- 
nected or disconnected. The legitimate switching matrix 
combinations for each pin are shown in the next figure, 
and may be highlighted by the use of the SHOW MA- 
TRIX command. 
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Figure 11. Switch Matrix Interconnection Options 


Special buffers in the general interconnection areas are 
inserted automatically to provide periodic signal isola- 
tion and restoration, thus improving performance of 
lengthy nets. The interconnection buffers can propagate 
signals in either direction on a general interconnection 
segment. These bidirectional buffers are above and to 
the right of the switching matrices, and can be high- 
lighted by the use of the SHOW MATRIX command. The 
other PIPs adjacent to the matrices are gateways to and 
from long lines. 


The PGA Development System automatically defines 
the buffer direction based on the location of the 
interconnection network source. The delay calculator of 
the PGA Development System automatically calculates 
and displays the block, interconnection, and buffer 
delays for the selected paths. It can also generate the 
simulation net list with a worst-case delay model. 
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Direct Interconnections 


A direct interconnection, shown below, provides the 
most efficient implementation of networks between 
adjacent CLBs or IOBs. The .x and .y outputs of each 
CLB have single contact, direct access to inputs of 
adjacent CLBs. 





Figure 12. Direct Interconnection 


Signals routed from block to block by direct interconnec- 
tion show minimum interconnection propagation and 
use no general interconnection resources. For each 
CLB, the .x output can be connected directly to the .b in- 
put of the CLB to its right, and to the .c input of the CLB to 
its left. The .y output can use a direct interconnection to 
drive the .d input of the block above, and the .a input of 
the block below. 


Direct interconnection should be used to maximize the 
speed of high performance portions of logic. Where 
CLBs are adjacent to IOBs, a direct connection is 
provided alternately to the IOB inputs (.i) and outputs 
(.0) on ail four edges of the die. The right edge provides 
additional connections from CLB outputs to adjacent 
lIOBs. Direct interconnections of IOBs and CLBs are 
shown in the next figure. 
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Global Buffer Direct Input Global Buffer Interconnection 
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Auxiliary Buffer Direct Input 


Figure 13. 1OB and CLB Direct Interconnections 
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Long Lines 


Long lines, which bypass the switch matrices, are 
intended primarily for signals that must travel a long 
distance, or that must have minimum skew among 
multiple destinations. Long lines, shown below, run the 
height or width of the interconnection area. Each 
interconnection column has three vertical long lines, 


Global 
Buffer 


On-Chip q 
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Buffers Se 


Pull-Up 7 : 
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For On-ChipZ] 
Open Drain 2 x Ea 
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and each interconnection row has two horizontal long 
lines. Two additional long lines are adjacent to the outer 
sets of switching matrices. On the Am3020, the 
outermost long lines are connectable half-length lines. 
In all other devices, the vertical long lines in each 
column are also connectable half-length. 


3 Vertical Lines 
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Figure 14. Long Lines 


4-56 


Am3020/3030/3042/3064/3090 


Horizontal and vertical long lines provide high fan-out, clock line within each column of logic blocks. Intercon- 


low-skew signal distribution in each row and column. nections of these long lines are shown in the following 
The programmable interconnection of long lines is pro- figure. Isolation buffers are provided at each input to a 
vided at the edges of the routing area. Long lines can be long line and are enabled automatically by the PGA De- 


driven by a CLB or IOB output on a column-by-column velopment System when a connection is made. 
basis. This provides a common low skew control or 
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Figure 15. Interconnection of Long Lines 
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A buffer in the upper left corner of the LCA chip drives a 
global net available to all .k inputs of logic blocks. Using 
this global buffer for a clock signal provides a skew free, 
high fan-out, synchronized clock for use at any, or all, of 
the I/O and logic blocks. Configuration bits for the .k in- 
put to each logic block can select this global line or an- 
other routing resource as the clock source for its flip- 
flops. This net can also be programmed to drive the die 
edge clock lines for IOB use. TCLKIN is an enhanced 
speed, CMOS threshold, direct access to this buffer that 
is available at the second pad from the top of the left die 
edge. 


A buffer in the lower right corner of the array drives a 
horizontal long line, which can drive programmed 
connections to a vertical long line in each 
interconnection column. This alternate buffer also is low 
skew and high fan-out. The network formed by this 
alternate buffer’s long lines can be selected to drive the 
.k inputs of the logic blocks. The CMOS threshold, 
high-speed access to this buffer, BCLKIN, is at the third 
pad from the bottom of the right die edge. 


Internal Busses 


Apair of three-state buffers are located adjacent to each 
CLB. These let logic drive the horizontal long lines. Any 
three-state buffer input can be selected to drive the hori- 
zontal long line bus by applying a low logic level on its 
three-state control line. Logical operation of the three- 
state buffer controls lets them implement wide multi- 
plexing functions. When data drives the inputs, and 
separate signals drive the three-state control lines, 
these buffers form multiplexers (three-state buses), as 


shown below. In this case, care must be used to prevent 
contention through multiple active buffers of conflicting 
levels on a common line. 


+D,eN 
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10642-020A 
Figure 16. Three-State Buffers Implement a Multiplexer 


Control of the three-state input by the same signal that 
drives the buffer input creates an open drain wired-AND 
function, as shown below. A logical HIGH on both buffer 
inputs creates a high impedance with no contention. A 
logical LOW enables the buffer to drive the long line low. 
Pull-up resistors are available at each end of the long 
line to provide a HIGH output when all connected buffers 
are non-conducting. 
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10642-021A 
Figure 17. Three-State Buffers Implement a Wired — 
AND Function 


These buffers allow fast, wide gating, optimum speed, 
and efficient routing of high fan-out signals. The follow- 
ing figure shows three-state buffers, long lines, and pull- 
up resistors. 
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Figure 18. Possible Interconnections in the Lower Right Corner 
of the Am3020 
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Preliminary i 


Am1736/Am1765 


Serial Configuration PROM 





DISTINCTIVE CHARACTERISTICS 
m@ One-time programmable 36,288 or 65, 536 x 


1-bit serial memories designed to store 
configuration patterns for Logic Cell™ Arrays. 


@ Simple interface to the AMD LCA™ requires 
only one user I/O pin on the LCA. 


@ Asingle Am1736 supports all members of the 
Am2000 family and members of the Am3000 
family as large as Am3042. The Am1765 
supports all Am2000 and Am3000 family 
members. Both Serial Configuration PROMs 
support multiple patterns for daisy-chained 
configurations. 


GENERAL DESCRIPTION 


The Am1 736 and Am1765 Serial Configuration PROMs 
(SCP) provide easy-to-use, cost-effective configuration 
memories for the AMD family of programmable gate ar- 
rays Packaged in an economical 8-pin DIP package, the 
devices use a Simple serial access procedure to config- 
ure one or more Logic Cell Arrays (LCA). The 36,288 x 
1-bit organization of the Am1736 supplies enough to 
configure any of the following devices: Am2064, 
Am2018, Am3020, and Am3042. The Am1765, with its 
65,536 x 1-bits, in addition to the parts listed above, also 
supports the Am3040, Am3064 and Am3090 devices. 


BLOCK DIAGRAM 


cr 


Advanced 
Micro 
Devices 


@ Low power CMOS EPROM process. 


@ Cascadable to provide more memory for 
additional configurations or high-density 
arrays. 


m@ Storage for multiple configurations fora 
single Logic Cell Array. 


m@ Space-efficient, 8-pin ceramic DIP package 


m@ Programming supported by leading 
programmer manufacturers. 


Multiple configurations for a single LCA device can be 
loaded from either SCP. Multiple SCPs can also be cas- 
caded to provide larger memory for more configura- 
tions. 


The Am1736/65 can be programmed on programming 
machines supplied by leading manufacturers, including 
Am081 from AMD. The LCA design file is first compiled 
into a standard HEX format with the PC-based Design 
System (AmPGA021). It can be transferred to the pro- 
grammer through a serial port. 
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*24-bit word for Am1736 
32-bit word for Am1765 


Logic Cell Array and LCA are trademarks of Xilinx Corporation. 
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Military PAL Devices al 





Advanced Micro Devices’ Military Programmable Array Logic Military PAL devices go where you need: 
(PAL) devices provide state machine and combinatorial logic 
solutions processed to military criteria. We offer the largest High Speed A Series BSeries D Series -12 Series 
number of Standard Military Drawing PAL products in the indus- 30 ns 20 ns 15 ns 12.5 ns 
try. 

Power Savings Half Power Quarter Power 
Applications for our configurable PAL architectures include count- 90 mA 50 mA 


ers, shift registers, accumulators, control sequence generators, 
decoders, multiplexers, adders, memory mapped 1/O and much 
more. These designs go into radar systems, missile guidance, 
avionics, airport graphic terminals, parallel processors, military 
computer hardware, and product obsolescence solutions, just to 
name a few. 


Military PAL® Device/ 
Sequencer/FPGA Menu 


STANDARD PAL DEVICES 


FAMILY | PART NUMBER | PACKAGE | TECHNOLOGY | INPUTS OUTPUTS PRODUCT 
TERMS/OUTPUT 


16R8 | PAL16L8-12 /BRA, 180 
PAL16R8-12 
PAL16R6-12 
PAL16R4-12 


PAL16L8D 
PAL16R8D 
PAL16R6D 
PAL16R4D 


PAL16L8B 
PAL16R8B 
PAL16R6B 
PAL16R4B 





hk 
Oo 

















20L,J,W 













Continued on next page. 


PACKAGE DESIGNATORS 
MMI Devices AMD Devices Package MMI Devices AMD Devices Package 


BRA/BJA Ceramic DIP B2A/B3A Leadless Chip Carrier 
BLA/BXA Ceramic SKINNYDIP G/BZA Pin Grid Array 
BSA/BKA Ceramic Flatpack 





“MMI” devices are those produced by Monolithic Memories, Inc. before the companies merged. 
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STANDARD PAL DEVICES (continued) 


FAMILY; PART NUMBER | PACKAGE | TECHNOLOGY | INPUTS OUTPUTS PRODUCT loc 
TERMS/OUTPUT mA | 


PAL16L8B-2 
PAL16R8B-2 
PAL16R6B-2 
PAL16R4B-2 


16R8 
(cont'd) 


20R8 


20X10/ 
20L10 
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PALI6L8A 
PAL16R8A 
PAL16R6A 
PALI6R4A 





PAL16L8B-4 
PAL16R8B-4 
PAL16R6B-4 
PAL16R4B-4 





PAL1I6L8A-2 
PAL16R8A-2 
PAL16R6A-2 
PAL16R4A-2 


PAL20L8-12 
PAL20R8-12 
PAL20R6-12 
PAL20R4-12 


PAL20L8-15 
PAL20R8-15 
PAL20R6-15 
PAL20R4-15 


PAL20L8B 
PAL20R8B 
PAL20R6B 
PAL20R4B 


PAL20L8A 
PAL20R8A 
PAL20R6A 
PAL20R4A 


PAL20L8A-2 
PAL20R8A-2 
PAL20R6A-2 
PAL20R4A-2 


PAL20L10A 
PAL20X10A 
PAL20X8A 
PAL20X4A 

















20L,J,W 


20L,J,W 


20L,J,W 

20L,J,W 
/BLA, 
/B3A 





24JNS,W, 
28L 

24JS,W, 
28L 

24JS,W, 
28L 


TTL 
TTL 


TTL 
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UNIVERSAL PAL DEVICES 


PRODUCT 
TERMS/OUTPUT 


PAL22V10-15 - Varied Term 
PAL22V 10-20 Distribution 
AmPAL22V10A 

Am Sienna - 








ASYNCHRONOUS PAL DEVICES 
PRODUCT 
TERMS/ 


FAMILY | PART NUMBER PACKAGE ECHNO- | INPUTS} MACRO- 
LOGY CELLS 
OUTPUT 










MEMORY/INSTRUCTION-BASED SEQUENCERS 


TECHNOLOGY | INPUTS; OUTPUTS | ARRAY FEATURES loc 
SIZE me 


goes 


Field- 
Programmable 
Controllers 





FIELD-PROGRAMMABLE GATE ARRAYS 


FAMILY PART PACKAGE TECHNOLOGY CONFIGURABLE 
NUMBER BLOCKS| LOGIC BLOCKS 


Logic 

Cell'™ 
Array 
2000 
Series 


Logic 
Cell 
Array 
3000 
Series 
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JAN 38510 and Standard Military 
Drawing Program 


AMD is an active participant in the JAN 38510 and Standard 
Military Drawing (SMD) Program. The idea behind the SMD 
Program is to standardize MIL-STD-883, Class B microcircuits 
where fully qualified JAN product is not available. The advantage 
to the user is that SMDs are acost effective alternative to source 
control drawings and are offered as off-the-shelf stocking items 
by IC manufacturers participating in the program. 


Standard Military Drawings should always be considered to 
improve availability over source control drawings. It is standard 
practice at AMD to convert our 883, Class B processing to SMDs 


for all products which we are approved to supply. AMD then dual 
marks these devices with both the SMD number and the Generic 
Part Number. DESC approved products can then be procured to 
either part number as standard product through both OEM and 
Distributor channels. 


The following cross reference will allow you to determine the 
appropriate SMD and JAN Drawing for each PAL device. AMD wil 
continue to work closely with DESC, generating new drawings, 
which will provide a steady flow of advanced technology products 
to standardized specifications. 


MIL-M-38510 Slash Sheet Cross Reference for AMD Generic Part Number 
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Military SMDs 


Military PAL Devices 


| MILITARY AMD PART MILITARY AMD PART 
DRAWING NUMBER DRAWING NUMBER 


8103501RA 
81035012A 
8103501SA 
8103502RA 
81035022A 
8103502SA 
8103503RA 
81035032A 
8103503SA 
8103504RA 
81035042A 
8103504SA 
8103505RA 
81035052A 
8103505SA 
8103506RA 
81035062A 
8103506SA 
8103507RA 
81035072A 
8103507SA 
8103508RA 
81035082A 
8103508SA 
8103509RA 
81035092A 
8103509SA 
8103607RA 
81036072A 
8103607SA 
8103608RA 
81036082A 
8103608SA 
8103609RA 
81036092A 
8103609SA 
8103610RA 
81036102A 
8103610SA 
8103612RA 
81036122A 
8103612SA 
8103613RA 
81036132A 
8103613SA 
8103614RA 
81036142A 
8103614SA 
8412901LA 
84129013A 
8412901KA 
8412902LA 
84129023A 
8412902KA 
8412903LA 


PAL10H8MJ/883B 
PAL10H8ML/883B 
PAL10H8MW/883B 
PAL 12H6MJ/883B 
PAL12H6ML/883B 
PAL12H6MW/883B 
PAL14H4MJ/883B 
PAL14H4ML/883B 
PAL 14H4MW/883B 
PAL16H2MJ/883B 
PAL 16H2ML/883B 
PAL16H2MW/883B 
PAL16C1MJ/883B 
PAL16C1ML/883B 
PAL16C1MW/883B 
PAL 10L8MJ/883B 
PAL10L8ML/883B 
PAL10L8MW/883B 
PAL12L6MJ/883B 
PAL12L6ML/883B 
PAL12L6MW/883B 
PAL14L4MJ/883B 
PAL14L4ML/883B 
PAL 14L4MW/883B 
PAL16L2MJ/883B 
PAL16L2ML/883B 
PAL16L2MW/883B 
PAL16L8AMJ/883B 
PAL16L8AML/883B 
PAL16L8AMW/883B 
PAL16R8AMJ/883B 
PAL16R8AML/883B 
PAL16R8AMW/883B 
PAL16R6AMJ/883B 
PAL16R6AML/883B 
PAL16R6AMW/883B 
PAL16R4AMJ/883B 
PAL16R4AML/883B 
PAL16R4AMW/883B 
PAL16R8A-2MJ/883B 
PAL16R8A-2ML/883B 
PAL16R8A-2MW/883B 
PAL16R6A-2MJ/883B 
PAL16R6A-2ML/883B 
PAL16R6A-2MW/883B 
PAL16R4A-2MJ/883B 
PAL16R4A-2ML/883B 
PAL16R4A-2MW/883B 
PAL20L8AMJS/883B 
PAL20L8AML/883B 
PAL20L8AMW/883B 
PAL20R8AMJS/883B 
PAL20R8AML/883B 
PAL2Z0R8AMW/883B 
PAL20R6AMJS/883B 


84129033A 
8412903KA 
8412904LA 
84129043A 
8412904KA 
8412905LA 
84129053A 
8412905KA 
8412906LA 
84129063A 
8412906KA 
8412907LA 
84129073A 
8412907KA 
8412908LA 
84129083A 
8412908KA 
8412909LA 
84129093A 
8412909KA 
8412910LA 
84129103A 
8412910KA 
8412911LA 
84129113A 
8412911KA 
8412912LA 
84129123A 
8412912KA 
8506501RA 
85065012A 
8506501SA 
8506502RA 
85065022A 
8506502SA 
8506503RA 
85065032A 
8506503SA 
8506504RA 
85065042A 
8506504SA 
5962-8515501RA 
5962-85155012A 
5962-8515501SA 
5962-8515502RA 
5962-85155022A 
5962-8515502SA 
5962-8515503RA 
5962-85 155032A 
5962-8515503SA 
5962-8515504RA 
5962-85155042A 
5962-8515504SA 
5962-8515505RA 
5962-85155052A 











PAL20R6AML/883B 
PAL2ZOR6AMW/883B 
PAL20R4AMJS/883B 
PAL2ZOR4AML/883B 
PAL20R4AMW/883B 
PAL20L10AMJS/883B 
PAL20L10AML/883B 
PAL20L10AMW/883B 
PAL20X8AMJS/883B 
PAL20X8AML/883B 
PAL20X8AMW/883B 
PAL20X10AMJS/883B 
PAL20X10AML/883B 
PAL20X10AMW/883B 
PAL20X4AMJS/883B 
PAL20X4AML/883B 
PAL20X4AMW/883B 
PAL20L8A-2MJS/883B 
PAL20L8A-2ML/883B 
PAL2ZO0L8A-2MW/883B 
PAL20R8A-2MJS/883B 
PAL20R8A-2ML/883B 
PAL20R8A-2MW/883B 
PAL20R6A-2MJS/883B 
PAL20R6A-2ML/883B 
PAL20R6A-2MW/883B 
PAL20R4A-2MJS/883B 
PAL20R4A-2ML/883B 
PAL20R4A-2MW/883B 
PAL16L8A-4MJ/883B 
PAL16L8A-4ML/883B 
PAL16L8A-4MW/883B 
PAL16R8A-4MJ/883B 
PAL16R8A-4ML/883B 
PAL16R8A-4MW/883B 
PAL16R6A-4MJ/883B 
PAL16R6A-4ML/883B 
PAL16R6A-4MW/883B 
PAL16R4A-4MJ/883B 
PAL16R4A-4ML/883B 
PAL16R4A-4MW/883B 
PAL16L8BMJ/883B 
PAL16L8BML/883B 
PAL16L8BMW/883B 
PAL16R8BMJ/883B 
PAL16R8BML/883B 
PAL16R8BMW/883B 
PAL16R6BMJ/883B 
PAL16R6BML/883B 
PAL16R6EBMW/883B 
PAL16R4BMJ/883B 
PAL16R4BML/883B 
PAL16R4BMW/883B 
PAL16L8B-2MJ/883B 
PAL16L8B-2ML/883B 
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Military SMDs (Cont'd) 


MILITARY AMD PART MILITARY AMD PART 
DRAWING NUMBER DRAWING NUMBER 
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5962-8515505SA 
5962-8515506RA 
5962-85155062A 
5962-8515506SA 
5962-8515507RA 
5962-85155072A 
5962-8515507SA 
5962-8515508RA 
5962-85155082A 
5962-8515508SA 
5962-8515509RA 
5962-85155092A 

5962-8515509SA 
5962-8515510RA 
5962-85155102A 

5962-8515510SA 
5962-8515511RA 
5962-85155112A 

5962-8515511SA 
5962-8515512RA 
5962-85155122A 

5962-8515512SA 
5962-8605301LA 

5962-86053013A 

5962-8605301KA 
5962-8605302LA 
5962-86053023A 
5962-8605302KA 
5962-8605304LX 

5962-86053043X 
5962-8605304KX 
5962-8680301LA 
5962-86803013A 
5962-8680301KA 
5962-8680401LA 
5962-86804013A 
5962-8680401KA 
5962-8680402LA 
5962-86804023A 
5962-8680402KA 
5962-8680403LA 
5962-86804033A 
5962-8680403KA 
5962-8680404LA 
5962-86804043A 
5962-8680404KA 
5962-8680405LA 
5962-86804053A 


PAL16L8B-2MW/883B 
PAL16R8B-2MJ/883B 
PAL16R8B-2ML/883B 
PAL16R8B-2MW/883B 
PAL16R6B-2MJ/883B 
PAL16R6B-2ML/883B 
PAL16R6B-2MW/883B 
PAL16R4B-2MJ/883B 
PAL16R4B-2ML/883B 
PAL16R4B-2MW/883B 
PAL16L8DMJ/883B 
PAL16L8DML/883B 
PAL16L8DMW/883B 
PAL16R8DMJ/883B 
PAL16R8DML/883B 
PAL16R8DMW/883B 
PAL16R6DMJ/883B 
PAL16R6DML/883B 
PAL16R6DMW/883B 
PAL16R4DMJ/883B 
PAL16R4DML/883B 
PAL16R4DMW/883B 
AmPAL22V10A/BLA 
AmPAL22V10A/B3A 
AmPAL22V10A/BKA 
AmPAL22V10/BLA 
AmPAL22V10/B3A 
AmPAL22V10/BKA 
PAL22V10-20/BLA 
PAL22V10-20/B3A 
PAL22V10-20/BKA 
PAL20RA10MJS/883B 
PAL20RA10ML/883B 
PAL20RA10MW/883B 
PAL18L4MJS/883B 
PAL18L4ML/883B 
PAL18L4MW/883 
PAL12L10MJS/883B 
PAL12L10ML/883B 
PAL12L10MW/883B 
PAL14L8MJS/883B 
PAL14L8ML/883B 
PAL14L8MW/883B 
PAL16L6MJS/883B 
PAL16L6ML/883B 
PAL 16L6MW/883B 
PAL20L2MJS/883B 
PAL20L2ML/883B 


5962-8680405KA 
5962-8680406LA 
5962-86804063A 
5962-8680406KA 
5962-8753001LA 
5962-87530013A 
5962-8753001KA 
5962-8753002LA 
5962-87530023A 
5962-8753002KA 
5962-8753003LA 
5962-87530033A 
5962-8753003KA 
5962-8753004LA 
5962-87530043A 
5962-8753004KA 
5962-8753902LA 
5962-8753903LA 
5962-8767101LA 
5962-87671013A 
5962-8767101KA 
5962-8767102LA 
5962-87671023A 
5962-8767102KA 
5962-8767103LA 
5962-87671033A 
5962-8767103KA 
5962-8767104LA 
5962-87671043A 
5962-8767104KA 
5962-8851501RA 
5962-88515012A 
5962-8851501SA 
5962-8851502RA 
5962-88515022A 
5962-8851502SA 
5962-8851503RA 
5962-88515032A 
5962-8851503SA 
5962-8851504RA 
5962-88515042A 
5962-8851504SA 
5962-8867002LA 
5962-88670023A 
5962-8867002KA 
5962-8837003LA 
5962-88670033A 
5962-8867003KA 


PAL20L2MW/883B 
PAL20C1MJS/883B 
PAL20C1ML/883B 
PAL20C1MW/883B 
PAL20S10MJS/883B 
PAL20S10ML/883B 
PAL20S10MW/883B 
PAL20RS10MJS/883B | 
PAL20RS10ML/883B 
PAL20RS10MW/883B 
PAL20RS8MJS/883B 
PAL20RS8ML/883B 
PAL2ZO0RS8MW/883B 
PAL20RS4MJS/883B 
PAL20RS4ML/883B 
PAL2Z0RS4MW/883B 
PALC22V10H-30MQS/883B 
PALC22V10H-40MQS/883B 
PAL20L8BMJS/883B 
PAL20L8BML/883B 
PAL20L8BMW/883B 
PAL2ZOR8BMJS/883B 
PAL2ZO0R8BML/883B 
PAL2ZO0R8BMW/883B 
PAL20R6BMJS/883B 
PAL2ZOR6BML/883B 
PAL20R6BW/883B 
PAL20R4BMJS/883B 
PAL20R4BML/883B 
PAL2Z0R4BMW/883B 
PAL16L8B-4MJ/883B 
PAL16L8B-4ML/883B 
PAL16L8B-4MW/883B 
PAL16R8-4MJ/883B 
PAL16R8B-4ML/883B 
PAL16R8B-4MW/883B 
PAL16R6B-4MJ/883B 
PAL16R6B-4ML/883B 
PAL16R6B-4MW/883B 
PAL16R4B-4MJ/883B 
PAL16R4B-4ML/883B 
PAL16R4B-4MW/883B 
PALC22V10H-30MJS/883B | 
PALC22V10H-30ML/883B 
PALC22V10H-30MW/883B | 
PALC22V10H-40MJS/883B 
PALC22V10H-40ML/883B 
PALC22V10H-40MW/883B 
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Product Introduction Procedures 


All new products released by the Military Products Division must 
successfully pass Mil-Std-883 Class B processing prior to new 
product announcement. This practice allows us to do checkout 
of bonding diagrams, electrical test tapes and burn circuits ina 
manufacturing environment. Programmability is checked when 
applicable. Our Military Engineering Department reviews electri- 
cal data to insure performance and yields to military data sheet 
limits are acceptable, prior to new product release. This proce- 
dure allows MPD to keep manufacturing start-up problems to a 
minimum on new product orders. 


Standard Processing Flows 


MPD Processing and Screening flows are organized to provide a 
broad selection of processing options, structured around the most 
commonly requested customer flows. 


Standard processing flows for the Military Products Division 
include: 


MPD Modified Level S 

JAN 38510 Class B 

Standard Military Drawing Program 
Mil-Std-883 Class B 


In addition, these flows are expanded to provide for factory 
programming on PAL circuits, when required by our customers. 


Major benefits can be realized by ordering product to standard 
flows whenever possible: 


Minimize need for source control drawings. 

Cost savings on unit cost—no price adders for custom process- 
ing. 

improved lead time—no spec review or negotiation time, plus 
the ability to pull product from various work-in-process stages 
or purchase product from finished goods inventory. 


For your reference, we have included our Modified Level S flow 
and our Mil-Std-883 Class B flow. 


It is the policy of AMD, to always operate to the most current 
revision of Mil-M-38510 and Mil-Std-883. 


Manufacturing and Screening 
Locations 


JAN Products, MPD Modified Level "S", and customer orders 
which call for U.S.A. assembly, are manufactured in our DESC 
certified lines in Sunnyvale and Santa Clara, California. 


MIL-STD-883 Class B products, and orders to source control 
drawings, where stateside build is not required, are assembled at 
our Penang, Malaysia facility. This facility is qualified by AMD 
Quality Department, as weil as by many of our customers, to 
manufacture MIL-STD-883 Class B product. Conformance to 
MIL-STD-883 requirements is routinely monitored through audits 
at the Penang facility. 


Assembly location as well as fabrication and seal date codes are 
included in AMD's part marking. 


Example: 
9B 89 35 


Assembly location code 

Shift identity (1st shift of week) 
Seal week (ww 35) 

Seal year (1989) 

Fab date code (1989, 2nd atr.) 


ir 


Assembly Location Codes: 


Blank Sunnyvale 
M Manila 
P Penang 
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STANDARD MILITARY FLOW CHART 


Screening Requirement 
SCD) 

S.E.M. Sample 

Assembly Typically offshore assembly | 


Non-destruct 2023 100% 

| bond pull 
Die shear/ 2019 (sample) SS =2 
Destruct bond pull REJ = 0 


internal visual | 2010 cond. A (modified) | 100% 


Temperature cycling 1010 100% 


Constant acceleration 2001 test cond. DorE 100% 
Y1 orientation only 

Particle impact noise 2020 cond. A only 100% 

detection (PIND) 


| Interim electrical Per application device 100% 
parameters specification 
T, = 25°C only 


Class B | Requirement 


MIL-STD-883 
Method 5004 


Ts 


2010 cond. B 
1010 


100% 
100% 
100% 


2001 test cond. D or E 
Y1 orientation only 















Serialization 100% 


X-Ray 2010 two views 100% 
-X and Y axis only 

Interim electrical (1) | Per applicable device 100% 

specification 


parameter 










Per applicable device (1) 100% 


specification 











T, = 25°C only T, = 25°C only 

Burn In 1015 Cond. D 100% | 1015 Cond. C or D 100% 
T, = +125°C (min) 
Time = 240 hrs 


Post electrical Per applicable device 
parameters specification 

T, = 25°C only 

(delta’s when required) 


Per applicable device 100% 
specification 
T, = 25°C only 


| 100% 


Delta calculations Per applicable device | 
(when applicable) specification 


Percent defect allowable | DC Parameters 
PDA = 5% or 1 device 
whichever is greater 


DC Parameters 
PDA = 5% or 1 device 
whichever is greater 


Functional Parameters 
| PDA = 3% or 1 device 
whichever is greater 





(1) Programming and verification are performed at 25°C only. 





Military PAL Devices 


Standard Military Flow Chart (Cont'd.) 


SCREENING MODIFIED LEVEL S REQUIREMENT CLASS B REQUIREMENT 
PER CUSTOMER MIL-STD-883 
ScD METHOD 5004 
Final electrical Per applicable device | 100% Per applicable device 100% 
parameters (hot and specification specification 
cold extremes) 
Seal A) Fine 1014 cond, AorB 100% 1014 cond, AorB 100% 
B) Gross cond C cond C 
Group A lot Level S Per applicable 5005 Class B Sample 
device specification every lot 


Group B inspection lot Level S As required 5005 Class B Every lot 
Group C not aera 5005 Class B Every 4 atrs of fab 
Group D Level S As required 5005 Class B date code 














External visual 2009 100% 2009 Every 52 weeks 
100% 


(1) Programming and verification are performed at 25°C only. 


Military PAL Devices 


Programming Inputs for ProPAL and 
HAL Devices 


1. All patterns require customer approval. Order of preference: 
* Mag Tape* and one master 
* Floppy Disk* and one master 
¢ 2masters and equation printout or truthtable 


*2. The following is a list describing the different types of Mag 
Tapes and Floppy Disks that Software Support currently can 
accept: 
¢ Standard 8 Inch Floppy Disks formatted RX01/IBMO 
(Single-Sided, Single Density) or RX02/IBM2 (Single- 
Sided, Double Density) or RX03/IBM3 (Double-Sided, 
Double Density). 

* IBM 5-1/4 Inch Floppy Disks formatted Single-Sided, 

Double Density or Double-Sided, Double Density 

or 

Magnetic Tape (Created on VAX/VMS System): Mag 

Tapes must be in IBM compatible (800 or 1600 BPI) nine 

track in blocked, unlabeled (card image) format of Files- 

11 or VAX/VMS Backup format. 


In all cases, the Tapes or Disks must contain a label indi- 
cating all data such as the density, the format, the oper- 
ating system, the command used to write the files and/or 
to remove the data from the Tape or Disk, and a listing of 
the filenames. 


DC/AC Parametric Testing 


1. VIL/VIH Parametric Information 


VIL/VIH parameters are, in effect, input conditions of DC tests 
and are not directly tested. Functional tests are performed at VIL 
= 0.4 V and VIH = 2.4 V. VILis specified at < 0.8 V, and VIH is 
specified at > 2.0 V. 





2. AC Testing/Programming 


Advanced Micro Devices offers a large selection of program 
mable products. For those devices which must be programmec 
prior to AC Tests and are ordered unprogrammed, Advancex 
Micro Devices must perform an AC Sample to “guarantee” thei 
AC Performance. 


Since the guaranteeing of parameters can be a serious conceri 
for the Military user, we have outlined several approaches tu 
address the AC screening issue. 


Option 1. Advanced Micro Devices can pull a Sample from alo 
using our own Standard patterns (designed to blow ir 
excess of 50 percent of the fuses) and perform AC 
testing at 25°C, 125°C, and -55°C. 
¢ PAL products processed to Military drawings in 

clude programmability samples and AC testing a 
25°C, 125°C, and -55°C. 


Option 2. Advanced Micro Devices can program PAL devices 
using custom patterns submitted by the customer. AC 
testing is performed as follows: 


¢ 100% AC at 25°C, —55°C and 125°C and on-line 
sample for Group A, Subgroups 9, 10, and 11. 


On PAL products where custom programming is performed anc 
AC testing is required, additional vector generation and faul 
coverage analysis is required, as well as AC program generatior 
and checkout. This will result in additional upfront lead time. 


Military PAL Devices 


Quality Programs 


The Military Product Division quality system conforms to the 
following Mil-Standards: 


Mil-M-38510, Appendix A, “Product Assurance Program” 
Mil-Q-9858, “Quality Program Requirements” 
Mil-I-45208, “Inspection System Requirements” 


AMD facilities in Sunnyvale and Santa Clara are certified by the 
Defense Electronics Supply Center (DESC), to manufacture and 
qualify Bipolar PROMs and PAL circuits in accordance with MIL- 
M-38510 Class B. This certification was a result of a successful 
audit of our production and quality systems to the stringent re- 
quirements of MIL-M-38510. 


Quality Assurance 


The Military Products Division ensures outgoing product quality 
and integrity by performing inspection Lot Group A’s and B’s per 
Mil-Std-883 Method 5005, conducting self audits in all areas 
involved in screening tests per Method 5004 of MIL-STD-883, 
gating all shipments to our customers, and maintaining a calibra- 
tion control system in accordance with Mil-Std-45662. 


For products requiring programming prior to AC tests, testing is 
performed utilizing MIL-M-38510 slash sheet sample plans and 
approved SMD sample plans. 


Product Qualification/Quality 
Conformance Inspection (QCI) 


The Military Products Division has a quality conformance testing 
orogram in accordance with MIL-STD-883, Method 5005. Quality 
Conformance Testing provides necessary feedback and moni- 
‘ors several areas: 


» Reliability of Product/Processes 

» Vendor Qualification for Raw Materials 

» Customer Quality Requirements 

» Maintain Product Qualification 

» Engineering Monitor on Products/Processes 


Standard procedures for new product release specify that AMD, 
as a minimum, conduct qualification testing per Company Policy 
specification on Product Reliability Qualification (00-019). Once 
qualified, each package type (from each assembly line) and 
device (by technology group as delineated in MIL-M-38510) are 
incorporated into AMD Quality Conformance Inspection program 
which utilizes the requirements of MIL-STD-883. 


When military programs do not require that QCI data be runonthe 
specific lot shipped, AMD Quality Conformance program allows 
customers to obtain generic data on all product families manufac- 
tured by the Military Products Division. Generic Qualification Data 
enables customers to eliminate costly qualification and destruct 
unit charges, and also improves delivery time by a factor of eight 
to ten weeks. The following product data is available: 


Group B — Package Related Tests 


* QCl is performed in line on each inspection lot. 
- Purpose: To monitor assembly and device package integrity. 


Group C — Product/Process Related Tests 


* Group C is performed based on fab date code, at least every 
four quarters. 

* Life test data may be used to qualify similar technologies. 

« Purpose: To monitor the reliability of the process and the 
parametric performance for each product technology. 


Group D — In-Depth Package Related Tests 


* QCl is conducted every 52 weeks using devices which repre- 
sent the same package construction and lead finish. 

Any device type in the same package type may be used 
regardless of the specific part number. 

Purpose: To monitor the reliability and integrity of various 
package materials and assembly processes. 


Process Audits 


Process Audits are performed in accordance with Mil-M-38510, 
Appendix A, (self audits) by the Quality Assurance Department. 


Electrostatic Discharge Control 
Procedures 


The Military Products Division of AMD fully employs static contro! 
procedures throughout its facilities. 


All manufacturing areas where product is processed or handled, 
including our Reliability Labs, Engineering Labs, etc., have full 
Static contro! such as wrist straps, antistatic smocks, grounded 
Stainless steel tables, conductive mats and ion generators wher- 
ever necessary. 


All product is moved throughout our facilities and shipped to 
customers in static shielded containers. 


In addition, MPD distributors must demonstrate that they meet the 
same stringent standards regarding ESD handling and control 
procedures as the factory. Individual distributor locations are 
audited and approved annually by MPD’s Quality Assurance 
Department. 


An ESD identifier is marked on all products per MIL-STD-883 
1.2.1 b (30). All shipping containers are labeled with an ESD 
Caution Message. ESD procedures are continually reviewed, to 
ensure that our customers receive only the highest quality product 
from the Military Products Division. 
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JAN 38510 and STANDARD MILITARY DRAWING PROGRAM 





STANDARD MILITARY DRAWING NUMBERING SYSTEM 
81035 01 L A 


DRAWING NUMBER FOR LEAD FINISH 
PRODUCT FAMILY A = Hot Solder Dip 
X = Any Lead Finish 


DEVICE TYPES a PACKAGE TYPES 


K = 24 Lead 3/8" x 5/8” Cerpack 

L = 24 Lead 1/4" x 1 1/4" SKINNYDIP 
R = 20 Lead 1/4" x 1 1/16” DIP 

S = 20 Lead 1/4" x 1/2” Cerpack 

2 = 20 Terminal .350 x .350 LCC 

3 = 28 Terminal .450 x .450 LCC 


JAN PART NUMBERING SYSTEM 
JM 38510 / 503 01 BRA 





JAN DESIGNATOR LEAD FINISH 
Part cannot be marked with a A = Hot Solder Dip 
"J" unless qualified and approved X = Any Lead Finish 
for listing on QPL. 
PACKAGE TYPES 
GENERAL PROCUREMENT R = 20-Lead 
1/4" x 1 1/16” DIP 
REFERS TO DETAILED SPEC L = 24-Lead 
503 = Programmable Array Logic 1/4" x 1 1/4" SKINNYDIP 
504 = Programmable Array Logic 2 = 20-Terminal 
505 = Programmable Array Logic 0.35 x 0.35 LCC 
3 = 28-Terminal 
DEFINES DEVICE TYPES 0.450 x 0.450 LCC 
PROCESSING LEVEL 
Class B 


PART NUMBER INTERPRETATION: 

When ordering to JAN 38510 and Military Drawing numbers, the lead finish designator (last letter in part number) is commonly called 
out as "X". This is a way of stating that the customer will accept the standard manufacturer's lead finish for the package orders. "X" is 
not a lead finish designator in itself, therefore, when product is shipped, the actual lead finish designator will be marked on the devices. 
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Electrical Characteristic Definitions cl 





















becomes inactive to the next input clock triggering edge. 


The minimum pulse width required for the asynchronous 





The minimum delay time for data to remain stable after the 
preload signal becomes inactive. This only applies to TTL- 

















The minimum time between the synchronous reset going 
The minimum time a valid data level of input or feedback 


The minimum time for input data to be stable prior to the 
preload signal becoming inactive. This only applies to TTL- 
The minimum width of the clock high from rising edge to 


minimum clock widths (both high and low) will exceed the 
minimum period of the device. 





The minimum width of the clock low from falling edge to 
the next rising edge. In some cases, simultaneous mini- 


eae 








The minimum pulse width required to preload the regis- 
data 











The maximum time required to preset the register output 




















The maximum delay between the time the clock triggering 
edge is asserted and the signal appears on the feedback. 




















The maximum time it takes to obtain a valid data level on 


SS eee 








output as output mux selection changes from combinato- 





and the output switches from a high-impedance state to 


PARAMETER NAME PARAMETER DEFINITION 
TIMING 
Tepe Asynchronous Preset Recovery Time The minimum time after the asynchronous preset 
ior Asynchronous Preset Width 
preset signal. 
i Hold Time The minimum time a valid data level is held after clock 
triggering edge. 
bas Hold Time for Preload 
level preload. 
a eee nba eee eee 7 
ine Synchronous Reset Recovery Time 
inactive and the next input clock triggering edge. 
tg Setup Time, Input or Feedback to 
Clock is stable before the next clock triggering edge. 
on Data Setup Time for Preload 
level preload. 
Lene Clock Width High 
the next falling edge. In some cases, simultaneous 
Ls Clock Width Low 
mum clock widths (both high and low) will exceed the 
minimum period of the device. 
a Preload Pulse Width 
ters. This only applies to TTL-level preload. 
ae Asynchronous Preset to Output 
after the preset signal is asserted. 
eee eae 
Ua Asynchronous Reset to Output The maximum time required to reset the register output 
after the reset signal is asserted. 
bog Clock to Feedback 
Lg Clock to Register Output 
(or Feedback) the output pin after an input clock triggering edge is 
applied. 
ton Input or Feedback to Registered Out- | The minimum time from input or feedback to registered 
put from Combinatorial Configuration; 
Output Mux Select 1 to 0 rial to registered output (1 to 0). 
tess _ Output Enable Time, Clock to Output | The minimum delay between when an input is asserted 
HIGH or LOW logic state. 








ER 


tac 


VOLTAGE 
F V 


cc 





PARAMETER NAME 





Electrical Characteristic Definitions 

PARAMETER DEFINITION 

Output Disable Time, Input to Output The minimum delay between when an input is asserted 
and the output switches from a HIGH or LOW logic state 


to a high-impedance state. | 


Fall Time The minimum time for a signal to fall from 80% to 20% of | 
its stabilized high value. 


| 

Propagation Delay, InputorFeedback | The time for a signal to propagate from input or feedback ? 
to Combinatorial Output to output. 
Power-up Reset Time The minimum time for a registered output signal to be | 
reset after the power is applied. ! 







Output Disable Time, OE to Output The minimum delay between when a dedicated enable | 
signal is asserted and the output switches from a HIGH or | 
LOW logic state to a high-impedance state. 


Output Enable Time, OE to Output The minimum delay between when a dedicated enable 
signal is asserted and the output switches from ahigh- | 


impedance state to a HIGH or LOW logic state. 


Rise Time The minimum time for a signal to rise from 20% to 80% of 
its stabilized high value. 


Input or Feedback to Combinatorial | The minimum time from input or feedback to combinatorial | 
Output from Registered Configura- output as output mux selection changes from registered to 
tion; Output Mux Select 0 to 1 | combinatorial output (0 to 1) 





The voltage required across supply and ground terminals 
of a TTL or CMOS integrated circuit. 


Supply Voltage, Positive Potential 






The voltage required across supply and ground terminals 
of an ECL integrated circuit. 


The maximum input clamp voltage limit on every input pin. 


Supply Voltage, Negative Potential 


Input Clamp Voltage 


High-Level Input Voltage The minimum high-level input voltage that is guaranteed to 
represent a high logic level. 

Low-Level Input Voltage The maximum low-level input voltage that is guaranteed to 
represent a low logic level. 


The minimum high logic level guaranteed for all outputs. 
The maximum low logic level guaranteed for all outputs. 


High-Level Output Voltage 


Low-Level Output Voltage 


Electrical Characteristic Definitions 


PARAMETER NAME PARAMETER DEFINITION 






The maximum current into the Voc terminal of a TTL or 
CMOS integrated circuit. 








Supply Current, Corresponding to 
CC 






The maximum current into the Ver terminal of an ECL 
integrated circuit. 





ee Supply Current, Corresponding to 
V 






EE 


The maximum current into an input pin when the input 
voltage is applied to the input pin. 


Input Current with Maximum Input 
Voltage 


The maximum current into an input pin when a logic-high 


Ae High-Level Input Current 
level is applied to the input pin. 





Low-Level Input Current The maximum current into an input pin when a logic-low 

level is applied to the input pin. 

ee High-Level Output Current The maximum current into an output pin to guarantee an 
output logic-high level. 

The maximum current into an output pin to guarantee an 


Low-Level Output Current 
output logic-low level. 





The current into an output when that output is short- 


Isc Output Short-Circuit Current nae 
circuited to ground (0.5 V). 


The maximum current into a high-impedance state output 







































































basis High-Level Leakage Current ; 
pin when a high logic level is applied to the output pin. 
r Low-Level Leakage Current The maximum current into a high-impedance state output 
OZL pin when a low logic level is applied to the output pin. 
MISCELLANEOUS 
C Input Capacitance The input pin capacitance at a specified voltage and 
- frequency. 
L 
C | Output Capacitance The output or I/O pin capacitance at a specified voltage 
me and frequency. 
T Operating Free Air Temperature The ambient homogeneous temperature of the environ- 
: ment during operation. 
i. Operating Case Temperature The maximum chassis temperature during operation. 
! | ene eres 
f Maximum External Frequency ThE frax externa (S the maximum clocking frequency with 
cs external feedback. It is the reciprocal of the clock period 
| (tot tea): 
f Maximum Internal Freauenc The f is the maximum clocking frequency with 
ee Tee internal feedback. It is the reciprocal of the clock period 
(t, + top). 
f Maximum Frequency without Feed- The fax, No Feedback 'S the maximum clocking frequency 
MAX back with no feedback. It is the reciprocal of the sum of the data 
setup time (t,) and the data hold time (t,). 








fuax Parameters 


cr 





The parameter faax is the maximum clock rate at which 
the device is guaranteed to operate. Because the flexi- 
bility inherent in programmable logic devices offers a 
choice of clocked flip-flop designs, fuax is specified for 
three types of synchronous designs. 


The first type of design is a state machine with feedback 
signals sent off-chip. This external feedback could go 
back to the device inputs, or to a second device in a 
multi-chip state machine. The slowest path defining the 
period is the sum of the clock-to-output time and the in- 
put setup time for the external signals (ts + tco). The re- 
ciprocal, fuax, is the maximum frequency with external 
feedback or in conjunction with an equivalent speed de- 
vice. This fax is designated “fuax external”. 





The second type of design is a single-chip state ma- 
chine with internal feedback only. In this case, flip-flop 
inputs are defined by the device inputs and flip-flop out- 
puts. Under these conditions, the period is limited by the 
internal delay from the flip-flop outputs through the inter- 
nal feedback and logic to the flip-flop inputs (ts + tc). 
This fax is designated “fax internal”. 


The third type of design is a simple data path applica- 
tion. In this case, input data is presented to the flip-flop 
and clocked through; no feedback is employed. Under 
these conditions, the period is limited by the sum of the 
data setup time and the data hold time (ts + tu). How- 
ever, a lower limit for the period of each fmax type is the 
minimum clock period (twH + tw.). Usually, this minimum 
clock period determines the period for the third fmax, 
designated “fuax no feedback”. 


CLK 


__ (SECOND 
CHIP) 


fmax External; 1/(ts + tco) 


CLK 


CLK 





fmax Internal; 1/(ts + tcr) 


fax No Feedback; 1/(ts + tH) or 1/(twH + tw) 
12350-022A 





Publication # Rev. Amendment: Issue Date 
| 12468 A /0 1/90 
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Physical Dimensions* ct 


Advanced 
Micro 
Devices 





PD 020 
20-Pin Plastic DIP 





140 
.200 
07552A 
125 014 
.160 023 
PD 3024 


24-Pin 300-mil Plastic SKINNY DIP 





125 023 
.160 


* For reference only. All dimensions measured in inches. BSC is an ANSI standard for basic space centering. 
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Physical Dimensions 





PD3028 
28-Pin 300-mil Plastic SKINNY DIP 





023 11427A-002 


160 


PD 028 | 
28-Pin Plastic DIP 


Qu Ol 
Co} G) 
Oo 





oO 
—, 
oO 
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Physical Dimensions 








PL 020 
20-Pin Plastic Leaded Chip Carrier 
042 
—— .050 
048 REF 
042 —» 
.056 
-385 
suite. 2026 
=o=.032 
009 
015 
06970D 
PL 028 
28-Pin Plastic Leaded Chip Carrier 
042 
.048 050 
| —— .026 


wwe .032 





06751E 





Physical Dimensions 





CD 020 
20-Pin Ceramic DIP 





es 


ah 


125 
om 





ge ages 2015 


022 07553B-001 


CD3024 
24-Pin 300-mil Ceramic SKINNYDIP 





06850C 
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Physical Dimensions 





CD 028 
28-Pin Ceramic DIP 





065 BSC .005 





CDE028 
28-Pin 300-mil Ceramic Windowed SKINNYDIP 





13017A 
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Physical Dimensions 


CL 020 
20-Pin Ceramic Leadless Chip Carrier 







20 PLACES 


.064 





hae 320 MAX. =a 


+ 


PID 407318C 
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Physical Dimensions 





CL 028 
28-Pin Ceramic Leadless Chip Carrier 
.300 
BSC 
.200 
— BSC 


050 ~ 
BSC 


045 
.055 


.006 _ . 


.022 





064 
.040 X 45° REF. 100 
INDEX CORNER (OPTIONAL) 
.020 X 45° REF. psa, 
(OPTIONAL) eS , me 





430 442 
MAX 458 





| .430 | 
MAX PLANE 2 
PLANE 1 
442 


458 


06595G 
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Physical Dimensions 





CF 020 
20-Pin Ceramic Flatpack 


olo 

emads com 

colon 
Sls 
SO 
old 

co lc 

00 [ND 

olo 






— 045 MAX. 
an 004 305 080 026 
MIN. 204 0 i} 

006 i 045 


pT 





.290 


| .280 


08257C 
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CFLO24 
24-Pin Ceramic Flatpack 


Physical Dimensions 


.920 
.980 





.390 
.420 


440 
ie 
a = 


.060 . 


cs 026 
045 


PID # 09675B 


:s .045 MAX. 
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Package Thermal Characteristics 


Abstract 


Determination of the Thermal Resistance of Packaged De- 
vices is of concern to the designer of new devices and to AMD 
customers. The Advanced Package and Material Develop- 
ment group has undertaken the task of characterizing current 
AMD products and quantifying package-related influences on 
Thermal Resistance. This report describes some of these 
effects and the technique used to measure Thermal Resis- 
tance. 


Definition of Thermal Resistance 


The reliability of an integrated circuit is largely dependent on 
the maximum temperature which the device will attain during 
operation. Because the stability of a semiconductor junction 
declines with increasing temperature, knowledge of the ther- 
mal properties of the packaged device becomes an important 
factor during device design. In order to increase the operating 
lifetime of a given device, the junction temperatures must be 
minimized. This demands knowledge of the thermal resistance 
of the completed assembly and specification of the conditions 
in which the device will function properly. As devices become 
both smaller and more complex and the requirement for high 
speed operation becomes more important, heat dissipation 
will become an ever more critical parameter. 


Thermal resistance is defined as the temperature rise per unit 
power dissipation above some referenced condition. The unit 
of measure is typically °C/watt. The relationship between 
junction temperature and thermal resistance is given by: 


Ty = Tx + Pp 83x (1) 


where: T, =junction temperature 
Tx = reference temperature 
Pp = power dissipation 
6, = thermal resistance 
X =some defined test condition 


in general, one of three conditions is defined for measurement 
of thermal resistance: 


Bic -— thermal resistance measured 
with reference to the tempera- 
ture at some specified point on 
the package surface. 


Osa — thermal resistance measured 
(still air) with respect to the temperature 
of a specified volume of still air. 
Bsa ~ thermal resistance measured 
(moving air) with respect to the temperature 


of air moving at a specified ve- 
locity. 
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The relationship between 6), and 44, is 
Bsn = Osc + Oca 


where 6., is a measure of the heat dissipation due to natural 
convection (still air) or forced convection (moving air) and the 
effect of heat radiation and mounting techniques. 0,, is 
dependent solely on material properties and package geome- 
try; 6,, includes the influence of the surface area of the 
package and environmental conditions. Each of these defini- 
tions of thermal resistance is an attempt to simulate some 
manner in which the package device may be used. 


The thermal resistance of a packaged device, however 
measured, is a summation of the thermal resistances of the 
individual components of the assembly. These in turn are 
functions of the thermal conductivity of the component mate- 
rials and the geometry of the heat flow paths. Like other 
material properties, thermal conductivity is usually tempera- 
ture dependent. For alumina and silicon, two common pack- 
age materials, this dependence can amount to a 30% 
variation in thermal conductivity over the operating tempera- 
ture range of the device. The thermal resistance of a compo- 
nent is given by 


L 
§ = —— (2) 
K(T)A 
where: L = length of the heat flow path 
A = cross sectional area of the heat flow path 
K(T) = thermal conductivity as a function of tem- 


perature 


and the overall thermal resistance of the assembly (discount- 
ing convective effects) will be: 


n 


6=260,=2 





nn 


but since the heat flow path through a component is influ- 


enced by the materials surrounding it, determination of L and 


A is not always straightforward. 


A second factor that affects the thermal resistance of a 
packaged device is the power dissipation level and, more 
particularly, the relationship between power level and die 
geometry, i.e., power distribution and power density. By 
rearrangement of equation 1 to 


1 1 
Py 6, (Ty- Ty) x, (Ty- Tx) (3) 
the relationship between P, and T; can be more clearly seen. 
Thus, to dissipate a greater quantity of heat for a given 
geometry, T, must increase and, since the individual 6, will 
also increase with temperature, the increase in T, will not be a 
linear function of increasing power levels. 


A third factor of concern is the quality of the material 
interfaces. In terms of package construction, this relates 
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specifically to the die attach bond, and for those packages 
having a heatsink, the heatsink attach bond. The quality of the 
die attach bond will most severely influence the package 
thermal resistance as this is the area which first impedes the 
transfer of heat out of the silicon die. Indeed, it seems likely 
that the initial thermal response of a powered device can be 
directly related to the quality of the die attach bond. 


Experimental Method 


The technique for measurement of thermal resistance involves 
the identification of a temperature-sensitive parameter on the 
device and monitoring this parameter while the device is 
powered. For bipolar integrated circuits the forward voltage of 
the substrate isolation diode provides a convenient parameter 
to measure and has the advantage of a linear dependence on 
temperature. MOS devices which do not have an accessible 
substrate diode present greater measurement difficulties and 
may require simulation through use of a specially designed 
thermal test die. Choice of the parameter to be measured 
must be made with some care to ensure that the results of the 
measurement are truly representative of the thermal state of 
the device being investigated. Thus measurement of the 
substrate isolation diode which is generally diffused across the 
area of the die yields a weighted average of the condition of 
the individual junctions across the die surface. Measurement 
of a more local source would yield a less generalized result. 


For MOS devices, simulation is accomlished using the thermal 
test die. The basis for this test die is a 25 mil square cell 
containing an isolated diode and a 1 KQ resistor. The resistors 
are interconnected from cell to cell on the wafer before it is cut 
into mulitple arrays of the basic unit cell. In use the device is 
powered via the resistors with voltage or current adjusted for 
the proper level and the voltage drop of the individual diodes is 
monitored as in the case of actual devices. 


Prior to the thermal resistance test, the diode voltage/ 
temperature calibration must be determined. This is done by 
measuring the forward voltage at 1 mA current level at two 
different temperatures. The diode calibration factor is then: 


T,-T, AT 

=— (4) 
Vo-V;, AV 
in units of °C/mV. For most diodes used for this test the 
voltage/temperature relationship is linear and these two 
measurement points are sufficient to determine the calibration. 


K, = 





The actual thermal resistance measurement has two alternat- 
ing phases: measurement and power on. The device under 
test is pulse powered with an ON duty cycle of 99% and a 
repetition rate of < 100 Hz. During the brief OFF states the 
device is reverse-biased with a 1 mA current and the voltage 
drop is measured. The series of voltage readings are averaged 
over short periods and compared to the voltage reading 
obtained before the device was first powered ON. The thermal 
resistance is then computed as: 


9 _KeVe-W) _ KiAV 
Fe Vuly Pp 


where: Ke = calibration factor 
V; =initial forward voltage value 
Ve = current forward voltage value 
Vy = heating voltage 
ly = heating current 





(5) 


The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is 
the equilibrium thermal resistance of the device under test. 


When the end result desired is 9,, (still air), the device and the 
test fixture (typically a standard burn-in socket) are enclosed in 
a box containing approximately 1 cubic foot of air. For Aj. 
measurements the device is attached to a large metal 
heatsink. This ensures that the reference point on the device 
surface is maintained at a constant temperature, The require- 
ments for measurement of 8,4 (moving air) are rather more 
complex and involve the use of a small wind tunnel with 
capability for monitoring air pressure, temperature and velocity 
in the area immediately surrounding the device tested. Stan- 
dardization of this last test requires much careful attention. 


WAVEFORMS FOR PULSED THERMAL RESISTANCE TEST 


VH 





VOLTAGE 


CURRENT 


WFO009091 





WF009080 


oeuvres aneensmmmnanstnappnaniiraetracsseipana sateen tte itt EA ANN OA a AE CE TEASDALE EAPO SATELLITE STEELCASE DELETED LOE ACCA 
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Experimental Results 


The thermal resistance data included in the attached table was extrapolated from data collected using the procedure outlined in the 


preceding section. This data has resulted from an ongoing program undertaken by members of the Material Technology 
Development group. 


Updated data will replace the data in this table as each device is measured or revised data becomes available. 


Thermal Resistance of AMD Products 
(Notes 1, 2 and 3) 


PD 020 












20 PLCC Typical 


Po vr 


AmPAL18P8 

















AmPAL23S8 
AmPAL23S8-30 


Typical 
CFLO20 = a Typical 


PD3024 Plastic ~ | SKINNYDIP Typical 
AmPAL22V10 
PAL22V10-15 

CD3024 Ceramic SKINNYDIP Typical 
AmPAL22V10 
PAL22V10-15 

CFLO24 Ceramic | Flatpack Typical 
AmPAL22V10 





PD3028 SKINNYDIP | Typical 
PD 028 _28 oo See Typical 


PL 028 Plastic PLCC Typical 
| AmPAL22V10 
PAL20L8A 
CDE028 Ceramic Windowed Typical 
SKINNYDIP 


CL 028 Ceramic Typical 
AmPAL22V10 
Notes: 


1. Representative values for each package type — for information only. 

2. Any given device may differ from these values. Consult local AMD sales office for specific device 
information. 

3. CR = Consult local AMD Representative 

4. DIP = Dual-In-Line Package 
LCC = Leadless Chip Carrier 
PLCC = Plastic Leaded Chip Carrier 





2 O10 QO QO; O 





5-30 


Design and Programming H= 





Design and Programming 








Software 


Design Software for Programmable Logic ... 2... ee eee e eee teen eens 6-3 
PALASIM, 00 SontWare: G0 14 ciw heer ed ae. aa Sadie ee dentate wend d adits Sheu ee aaah 6-6 
AMZ9ICPE100 SOWA ix oo a. OF BG aimed bh ESS OGL bare tiend H aed beat a dckes howard Aaa aod eon eel Atte ob 6-8 
Programmable Gate Array Software ......0 0.0.0... ce eee eee ene eee e eens 6-10 
ABEL Ang PE DIAN ail 34x ca ace atee doped whack Guinea eat Gea ke hik her, bu AG dota alates Game ee 6-14 
PURUFEDCSIONOR uhh od ee ate eet as owed sao he Sark Oe ae ed eae hes din entail 6-22 
CRS se sinetocte deste cee inh eareacas ses bee boa edind Aaah aa ae ee ae eee ea Re aee toes 6-25 
BOGGS fochy eect acehe snares he aat ly halos beats en Oe einai ante ha Aaa be me wees 6-32 
PEDOSIQNCG 2 tise sing 0G a Se ctienstis Baths Wd Be ge ean al eels hs oa By teach eae ees ay Bae er chee 6-41 
Programming 
PIOOlAMMNING 4.0 cree da cata taredoy ave oteewdean rane hehe tba tte dine bh eta b eWGrinhene tae e 6-49 
Choosing the Right Programmer ........... 00. ccc ee nent te nee teen eens 6-50 
EabPro Programme l-s-i6 iiss these we neato ie Taras PSUS ound Ba BE SG ae REG eA 6-53 
AmPGA081 Configuration PROM Programmer .... 0.0.0... cc ence ee ee ee eens 6-55 
Programmer Reference Guide: ...:2ic4 oi 054d he WA RAR e lee Soe owe ee ee ee 6-56 
AMD LabPio Programmer -s.06 cain alne bien dis. Wa Ka Dawe dae ok Re Std NS eae edd Aa 6-56 
Adams MacDonald ENteronses. x52 6 seu tok 406 Gly ond Be ks ede OS PES ea oa Cae 6-58 
DON Pe Dieta St a ded laced Si tame ee ean A Raa as ote le Ree Sead Dict seek kes Gen wreak Adee ava aia eS 6-60 
PIQG IEG = 553 Sores se etre keh hoses a shat oes DRG Se De oh Be dhe OG A aR Ga bE DES Solera be Pee ah 6-63 
KONUOR so sist tie Ge oan Aue ha eet tie ee Raed he eee CAA ee ace deka 6-65 
LOGICal DEVICES tse sitet soe dG Se cere Na oh amet ee aii Bue Pans eos Dee Rae el 6-67 
NCIOOI 0 S64. 2 a02 ite wens yas acte utsesetene not erties nth a cee Sars taste Se De eo ae Sen ea ate ns ee 6-69 
Slag MICIOSYSIEINS isu stete. vice oi rs Heol et ek Siw eka ee a Sat ead Nae Re Bans. Ac eem gee neds 6-72 
TOSI EO. COMCl 6 mrticr snaking bat deaet au naliea se hbar eo ito ean a afer ae ees 6-75 
ProPAL™ and HAL® Devices Program ........ 0. ccc ccc ce ccc ececeeveseuteueeeeeteneteeeeees 6-78 
Testability 
TESA OUI 0 Steger che ah eck we ee ee ae een SR CRABS le Sr hee eo Pea eee a a ed eae SRK 6-85 
Designing Testable Combinatorial Circuits .. 0.0.0.0 cece e eee 6-86 
Designing Testable Sequential Circuits ..... 0.00.0... eee eee eens 6-92 
Designing Testable State MachineS ......0..0 0.0... ccc et eee eee ee teen ee 6-97 
Designing for Testability with SSR™ Diagnostics .......0.00.000 00.0. cc cece eee eee 6-102 
USING TOSI ViGCIONS: 52 fre en Hard kn ceed a desk by Sk ended eas Bae Gide ae pe eeu eee oa. 6-107 
PEDISSt Pls an PLIES sew. iicngtaanouaresnesesurtheduacannavdoaue den nGaleonendees 6-109 
PTV TG chek atch focal Ot tenance Geet Stone ah aghach Roath dn catia atta heat teed Daten adeas a8 sols ae ahante eae 6-117 
TES GONCLAIOE  s oc.acederirs gadt Seed aetna badd wa ote en ley dea edee a bded Geil dides Mia enna dds 6-121 


Design Considerations 


Terminating High-Speed PAL Devices ........ 0.0.0.0... ccc ee eee eee eens 6-122 
GIOUNG BOUNCE: x.c.tai es es entetaa NG & eu iatn dee nay ode sas AGES O Ran es ae ei tates 6-131 
MICTAStADIILY 0.8 Aig wats ye vece-wriania Haske eet neane a aimee ahewa Miter ath teres Bp a ee eth ce aaa Deed where 6-134 


ALG UD: coho ase Gora Aa a Get ee cme A lence mide aches bod ek. telinten & ack ea ater ee ae ee Sahn en. cet 6-137 





Design Software for 
Programmable Logic 





cl 





Introduction 


Programmable logic design software translates a custom logic 
design specification into a format which can be accepted by a 
programmer (Figure 1). 


Programmable logic. software is also an excellent tool for design 
simulation and documentation. Simulation assists in debugging 
an initial design and helps to ensure that a device will operate as 
intended the first time instead of requiring multiple design itera- 
tions. Documentation is essential for someone other than the 
original designer to understand a custom programmable logic 
specification. 


This overview will describe the basic components of PLD design 
software packages, including assistance in logic simulation and 
testing. Several software packages are available; some are listed 
at the end of this overview. 


CIRCUIT CONCEPT 
YOUR COMPUTER 


SOFTWARE 
PROGRAMMING 
FORMAT 


»| LOGIC (PROM) YOUR 
PROGRAMMER PRODUCT 


Figure 1. The Programmable Logic Development Cycle 











PROGRAMMABLE 
LOGIC DESIGN 








PROGRAM- 
MED DEVICE 


BLANK PLD 
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Design Software for Programmable Logic 


PLD design software lets the designer write logic descriptions at 
a high level, that is, at a level that accurately reflects the design 
concept. This type of software increases productivity while 
producing designs that are thoroughly documented. 


The software should support all programmable logic device 
types, all popular logic (PROM) programmers, and a large num- 
ber of popular development computers. In addition, software 
products offer a variety of input design formats such as state 
machines, high-level Boolean equations, truth tables and logic 
schematics. 


Acompiler’s syntax offers a general and easy description of the 
desired configuration of the chosen programmable logic device. 


Publication # Rev. Amendment Issue Date 
| 14087 A /0 1/90 


TRUTH HIGH LEVEL STATE LOGIC 
TABLES EQUATIONS MACHINE SCHEMATIC 
| DESIGN 1. 
SOFTWARE 


Dae: NEXT GENERATION 
PROGRAMMABLE PLS DEVICES PROMS 
DEVICES DEVICE | 
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Figure 2. The Compiler 


In addition, the high-level description of the design provides 
flexibility in changing the design if so desired. A designer might 
initially use a particular type of PLD. Later, when fixes or en- 
hancements are made, the design can be quickly re-compiled for 
the same device. If the changes require more product terms or 
an architectural configuration that the chosen PLD cannot sup- 
port, the function can easily be placed in an alternate device. In 
many cases this will allow design modifications without altering 
printed circuit boards which may have already been manufac- 
tured. 


Logic Simulation 


Most of the PLD software design tools also offer logic simulation. 
Logic simulation is typically performed to verify the logical design 
prior to programming an actual device. This may save some of 
the time spent trouble-shooting a programmable logic design 
using conventional techniques, using an oscilloscope and logic 
analyzer. 


A simulation file consists of stimulus patterns applied to inputs 
and response patterns expected at outputs. The simulator com- 
pares each stimulus/response pattern, or vector, with the logic 
equations to verify that the expected response agrees with that 
produced according to the equations. 


Not simulating may be of little consequence for simple designs, 
but for complex designs, especially complex sequential logic, it is 
well worth the time. 


Testing Programmable Logic 


PLD software design tools also assist the designer in testing the 
PLD after it has been programmed. 


Before shipping a PLD, programmability may be verified by the 
manufacturer by exercising the device’s address and program- 
ming circuitry on redundant test sites. 
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After the device has been received and programmed by the user, 
the logic programmer will read the states of all the fuses in the 
device and compare them with the data stored in the program- 
mer’s memory to check the status of the programming matrix, in 
its verify cycle. If any mismatches are detected, the device is 
rejected. 


However, a correct fuse verify does not guarantee that the device 
will work properly, since the fixed logic of the device has not been 
fully tested (Figure 3). To ensure proper operation the device must 
be functionally tested. 











PROGRAMMING OUTPUTS 


MATRIX 





INPUTS 


TESTED DURING 
PROGRAMMER VERIFY FUNCTIONAL TEST 


TESTED BY APPLYING 


CYCLE VECTORS 
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Figure 3. Programmable Logic Device Testing 
Functional testing of PLDs involves applying stimulus patterns to 


a device while looking for the expected response. The test 
sequence consists of a table of stimulus/response patterns 


6-4 


similar to those used to perform a simulation. PLD software 
design tools offer the capability of generating these test vectors. 


Test vectors are produced by creating a simulation input file con- 
taining stimulus/response patterns. After running the simulator to 
verify the integrity of the vectors, they are appended to the JEDEC 
down-loadable file which already contains the programming pat- 
terns for the particular target device. 


We can now see that there are two distinct benefits of logic 
simulation in working with PLDs: 


LOGIC SIMULATION 


DESIGN TEST VECTOR 
VERIFICATION GENERATION 
602 04 
Software Tools 


Many different programmable logic design aid software programs 
are available. Table 1 lists some current suppliers of these design 
tools. Contact the indicated companies for the status of their 
particular product. 


Design Software for Programmable Software 


PALASM® 90 Software Advanced Micro Devices 
(PAL and PLS devices) Contact local sales office 


Am29CPL100 Software 
(Am29CPL151/4) 


PEGPDS™ 
(Am2971) 


Programmable Gate Array Software 
(Am2000/3000 Series) 


ABEL™ and PLDlinx™ Data I/O Corporation 
FutureDesianer™ 10525 Willows Road N.E. 

P.O. Box 97046 
PLDtest® and PLDtest Plus™ Redmond, WA 98073-9746 
(Vector Generation) (800) 247-5700 or (206) 881-6444 


CUPL™ , Logical Devices 
1201 E. Northwest 65th Place 
Fort Lauderdale, FL 33309 
(800) 331-7766 or (305) 491-7405 


Lociic® | ISDATA 
800 Airport Road 
Monterey, CA 93940 
(408) 373-7359 
PLDesigner® Minc Inc. 
6755 Earl Drive, Suite 200 
Colorado Springs, CO 80918 
(719) 590-1155 
OrCAD/PLD™ OrCAD Systems Corporation 
1049 S.W. Baseline Street, Suite 500 
Hillsboro, OR 97123 
(503) 640-9488 


Anvil ATG™ Anvil Software, Inc. 

(Vector Generation) 427-3 Amherst Street, Suite 391 
Nashua, NH 03063 
(603) 891-1995 


Test Generator ATG Associates 

(Vector Generation) 3415 Merrill Road 
Aptos, CA 95003 
(408) 475-5717 





Table 1. Software Support 


SOFTWARE VENDOR 
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PALASM® 90 Software 


pa 





High-Performance Support Tools 


PALASM 90 CAD software is an integral part of the AMD program- 
mable logic solution. As PAL devices and other PLDs have grown 
more powerful and complex, our team of software engineers has 
added major enhancements to PALASM software. The goal is to 
provide timely, state-of-the-art software support for every new 
PAL device at market introduction. The result is software that 
enables you to configure a PLD quickly, easily, and effectively. 


Freedom to Express Your Designs 
in Different Forms 


PALASM 90 software offers you increased design flexibility. You 
have the option of creating your design file with Boolean or State 
equations. The powerful PAL device design specification syntax 
has the advantage of being flexible enough for complex designs, 
without compromising ease-of-use. The basicoperators INVERT, 
AND, OR, and EXCLUSIVE-OR can be used to describe any logic 
function using Boolean equations. The high-level constructs IF- 
THEN-ELSE and CASE have been added to the Boolean syntax, 
along with support of vectored expressions. The syntax for State 
equations is equally easy to use. 


Powerful Simulator Provides 
Automatic Testing 


PALASM 90 software has a powerful, event-driven simulator that 
cuts down the margin of design error significantly. It enables 
simulation of the design before the chip is programmed. This 
means you can go back and edit the design as many times as you 
want without wasting a single chip. The simulator’s English-like 
commands allow you to describe functions easily. It performs a 
validation of your design, and generates vectors from a test 
sequence that you specify. PALASM 90 software’s simulation 
makes testing of the design an integral part of creating the design. 
This means that every time you insert a PAL device into the 
programmer, you can be sure it will be accurately programmed. 
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Automatic Logic Reduction for 
Cost-Effective Design 


PALASM 90 software gives you the option of automatically reduc- 
ing your logic equations, enabling you to utilize your PAL device 
fully. Now you don’t have to go through tedious manual reduction 
and DeMorganization. The software does the work for you. 
Reduced logic leads to cost-effective design, since less device 
space is used. By conserving space, design efficiency is in- 
creased, as more complex logic can be packed into the device. 


Edit Programmed Device Designs 


PALASM 90 software offers you the unique ability to edit pro- 
grammed device designs. Its time-saving JEDEC manipulator 
enables you to read a fuseplot directly from a programmed 
device, and disassembles the fuse information back to Boolean 
equations. If you wish to alter the design, youcan edit the Boolean 
equations that the JEDEC manipulator generates. 


Easy-to-Use Windowed Interface 


The power of PALASM 90 software has been harnessed by a 
powerful new user interface. Pull-down menu options allow you 
to modify, assemble, and simulate your design; view any data, 
including simulation waveforms; and download JEDEC files to a 
programmer. And, all of the assembly and simulation processes 
can be chained together so that one command completes the 
entire process. Errors are flagged on-screen and in a log file for 
examination later. The result is a smooth, integrated design 
environment that allows you to design logic easily and efficiently. 


Hardware Support 

PALASM 90 software is supported on the following systems: 
¢ IBM-PC/XT/AT, PS/2, and compatibles 

¢ VAX-VMS 


¢ Sun workstations 
* Apollo workstations 








TY 


PAL DEVICE 
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PALASM 90 Software 


Documentation 


PALASM 90 software is fully documented in its own User's 
Manual. In addition, a free hotline is provided to answer any 
questions you may have about the software or about AMD 
devices. The hotline number is (800) 222-9323. 


* SYNTAX 


INPUT CHECKING 
* FUSEPLOT 


Design Software for PLDs 


We believe that PALASM 90 software and AMD PLDs are firmly 
linked. From immediate device support to documentation to field 
service: PLD support and software support are one and the same. 
It is through this philosophy that PALASM software has become 
the world’s most widely-used PLD design package, and a natural 
complement to AMD PLDs. 


OUTPUT 


« FUSEMAP 
DEVICE 


; - LOGIC ASSEMBLY 
STATE MACHINE REDUCTION * JEDEC FILE PROGRAMMING 


* BOOLEAN . ERROR * SIMULATION - TEST VECTORS 


DETECTION 





¢ HISTORY FILE 
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Am29CPL100 Software 








The Field-Programmable Controller devices 
(Am29CPL151 and Am29CPL154) are supported by 
dedicated software that takes advantage of the instruc- 
tion-based nature of the devices. 


ASM14X is the name of the assembler program that ac- 
cepts the user’s design description and creates a pro- 
gramming file. The SIM14X simulator can be used to 
verify the design before actually programming the de- 
vice. 


ASSEMBLER FEATURES 


The ASM14X Assembler provides high-level micropro- 
gramming support for the Am29CPL151/4 Field-Pro- 
grammabie Controllers. High-level language constructs 
such as IF-THEN-ELSE and WHILE allow the program- 
mer to write microcode in a logical and more conversa- 
tional syntax. This enhances code documentation be- 
cause the microcode is expressed in a readable and 
easy-to-follow format. 


Assembler features inciude: 


e Binary, octal, decimal, and hexadecimal numbers 
are recognized 


e Jump/branch to labels 

e Logic equations for control outputs 
e Error detection and diagnosis 

e Default test condition 

e JEDEC standard fuse map output 
e Symbol table output 


Statement Formats 


The assembler recognizes four statement formats: 
1. IF (<cond>) THEN <action> [ELSE <action>] 

2. WHILE (CREG <> 0) <action> [ELSE <action>] 
3. CONTINUE 

4. CMP TM(<mask>) TO PL(<constant>) 


The <cond> refers to the test condition that is evaluated 
before performing the <action> specified in the state- 
ment. The <action> can be opcodes such as GOTO, 
LOAD, and CALL. See the Am29CPL151/4 data sheets 
for more details on instruction syntax and device opera- 
tion. 


| Publication # Rev. Amendment Issue Date | 
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SIM14X SIMULATOR 


The SIM14X simulator provides complete high-level 
software simulation for the Am29CPL151/4 devices. 
The SIM14X simulator uses a JEDEC fuse map file, 
generated by the ASM14X assembler, and a test-vector 
file as its inputs. The simulator then computes output 
signals and compares them against the expected output 
values specified in the test vector file. If any differences 
are detected, the simulator flags the errors by placing a 
“2” under the unmatched output signals. 


The SIM14X simulator displays complete status infor- 
mation including all input pin signals, computed and ex- 
pected output signals, and contents of all internal regis- 
ters. You can use the interactive mode of operation to 
specify points in the program to stop and check opera- 
tions. You can even execute another program during 
simulation, to run a DOS command that assists in your 
program development. 


In addition to providing break-point and single-step ca- 
pability, the SIM14X simulator allows you to preload or 
change all internal registers interactively. Figure 1 
shows the simulator/test vector environment. 


pe 
| Ef System | 
f Editor | 


: Test 
& Vector | 
j Input File | 
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/ Assembler] 
s Input | 
9 File 





ma ASM14X | 
Assembler} 






| Error | PROM | @ JEDEC 

; File j Bit Pattern] § Fuse Map 
S SIM14x 
w@ Simulator | 
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Figure 1. Simulator/Test Vector Environment 


Am29CPL100 Software 


Simulator Output 


Unless you choose otherwise, the simulator displays the 
contents of all internal registers, OPCODE mnemonics 
of the current OPCODE field in the pipeline register, and 
the source of the contents of pipeline register. Also dis- 
played for the instruction in the pipeline register is the 
value of the condition being tested, whether the instruc- 
tion passes or fails and T°M, wherever applicable. 


Remember that all inputs, outputs and register values 
displayed in an output screen are values at a rising clock 
edge. Each <return> in the singie step mode can be 
thought of as a rising clock edge. 


System Requirements 


You need the following hardware and software to use 
the Assembler and Simulator: 


Hardware (minimum configuration): 


e anI!IBMPC/XT or other PC compatible with at least 
256K bytes of RAM memory 


e PC-DOS Version 2.0 or higher or MS-DOS Version 
2.11 or higher 


e Aword processor to create the assembler source 
file. Any word processor which produces standard 
ASCII output files is acceptable. For example, you 
can use Wordstar in non-document mode. 
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Programmable Gate Array 
Software from AMD 


Programmable Gate Arrays (PGAs) from AMD offer you higher 
levels of system integration with the advantages of user- 
programmability. AMD also provides a complete range of 
software packages to support PGA designs. 


PGAs incorporate flexible blocks of configurable logic in a 
matrix fashion interfaced with a network of programmable 
interconnections. This network of logic blocks is surrounded by 
a ring of programmable I/O blocks. This unique architecture 
offers the capability to implement logic designs efficiently and 
effectively. On-chip logic allows configuration data to be loaded 
automatically at power-up, or the device can be reconfigured 
on-the-fly. 


Designing with PGAs is done quickly and easily with modular 
software packages that run onthe IBM PC. The software allows 
you to enter a design, automatically place and route it, and 
verify function and timing, all within a matter of days. Once you 
are satisfied with the design, the appropriate configuration data 
can be created to personalize the device. Configuration data 
can reside in an EEPROM, EPROM, or ROM on the circuit 
board or on a floppy or hard disk. 


The discussion below outlines the tasks necessary to imple- 
ment a PGA design. The complete range of software tools 
available from AMD allows you to accomplish gate array 
designs to 9000 equivalent gates at your desk, reducing design 
time, cost, and risk. 


PGA Design Cycle 


Designing with PGAs is a simple process, and AMD design 
tools are available for every phase in the design cycle. The 
diagram to the right shows the six steps in designing with PGAs. 


Design entry can be accomplished by using the OrCAD/ 
SDT™ {Il Schematic Design Tools, available as part of the PGA 
Bundled Development System (AmPGA151). For users with 
other schematic capture systems already in place, AMD also 
offers PGA interfaces to the Mentor™ and DAISY™ 
workstations and to the FutureNet® Design package. In 
addition to the interfaces available from AMD, Valid™ 
workstation interfaces are available from Valid Logic Systems. 
In all cases, you use the PGA symbol library that is part of your 
schematic capture interface package. 


Logic verification is an optional step that can be done at this 
point in the design cycle through the use of a logic simulator. 
The PGA Development System with Simulation (AmPGA251) 
includes the OrCAD/VST™ simulation tool. PC-SILOS™ 
(AmPGA022) is also available from AMD for simulation. 
Simulation capabilities are also available from supported CAE 
systems. 
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Programmable Gate Array Software from AMD 


Automatic partitioning, place and route is performed by the 
Automatic Design Implementation (ADI) software, included in 
each of the bundled development systems. Unused and 
redundant logic is eliminated and the design is partitioned into 
PGA resources (logic and I/O blocks). Automatic reduction and 
partitioning allows designers to immediately determine the 
PGA size required, during design definition and entry. During 
the automatic place and route phase of design, users can 
define timing constraints through critical nets and automatically 
place and rouie the total design. 


Design optimization can be done either by returning to your 
schematic capture software or through the use of the PGA 
Design Editor. With the design editor, you can perform such 
tasks as moving blocks, rerouting nets and adding or deleting 
logic. A timing calculator, part of the design editor, permits 
point-to-point timing determinations for critical path analysis. 


Timing verification is an optional step that can be done once 
the design has been placed and routed to your satisfaction. 


In-circuit design verification is done in one of three ways. An 
in-circuit emulator is available to simulate the circuit 
(AmPGA028). In addition, during design debug, designers can 
save time by using the download cable to transfer the 
configuration program from the PC directly into a PGA under 
development. Once the design is complete, a PROM file is 
created to be loaded into a PROM via a PROM programmer. 


You iterate these steps until your design is correct. You can 
quickly correct design errors by making changes in your original 
design and repeating the subsequent steps. Even if you detect 
an error during in-circuit design verification, you can make 
corrections quickly and easily. 


PGA Bundled Development System 
with Simulation (AmPGA251) 


The PGA Bundled Development System offers complete capa- 
bilities for the implementation of a Programmable Gate Array 
design. Packaged together are the OrCAD/SDT III Schematic 
Design Tools, OrCAD/VST Verification and Simulation Tools, 
Automatic Design Implementation, and the PGA Development 
System. 


Each part of abundled PGA system is designed to perform one 
of the PGA design tasks described above. Below is a summary 
of the features of each of the components of AMD’s bundled 
PGA software. 


OrCAD Schematic Design Tools 


OrCAD/SDT Ill is a complete schematic package, designed to 
place Computer Aided Engineering power at the desk of every 
engineer. Easy to use menu drivencommands make it possible 
to create, edit, save, and print design schematics. The 
graphical editing capabilities allow single objects or groups of 
objects to be easily moved, replicated, or deleted. OrCAD/SDT 
Ill can store over 100 individual macros, each executed with a 
single keystroke. 


Designs can be entered hierarchically to manage the 
complexity of large designs. Designers can flag critical timing 
paths to ensure that critical signals are routed with minimum 
delay. A wide range of graphics boards are supported, with an 
extensive selection of printers and plotters for output. 


In addition to the OrCAD/SDT lil software, all bundled systems 
contain the interface necessary to design for PGAs, and the 
PGA macro library of almost 300 TTL and SSI/MSI standard 
family equivalents. 


OrCAD Verification and Simulation Tools 


OrCAD/VST is a full-featured, 12-state, event-driven logic 
simulator, capable of handling designs of 14,000 gates at an 
evaluation speed of 10,000 events per second, and can 
simulate more than 2 billion time units. The package integrates 
a stimulus generator, design linker, and design compiler into a 
simulation environment. A netlist is all that is required to get 
started. The link and compile steps are automatically 
performed, and the stimulus is defined within an integrated pop- 
up editor, enabling you to initialize signals, generate any kind of 
clock signal, and perform test vector definition. 


Definition of signals that are to be traced or displayed is 
performed by the Trace Editor. Displays can be defined as 
signals or buses. Buses can be displayed as binary, octal, 
decimal or hexadecimal. OrCAD/VST’s logic analyzer style 
format simplifies data analysis. Signals and bus values are 
easily viewed, displayed as a window into the trace buffer. Four 
zoom levels enable you to magnify the traces. Up to three 
markers may be placed on the screen to measure time intervals 
quickly. 


In addition to the OrCAD/VST software, all bundled systems 
contain the interface necessary to use Simulation and 
Verification with PGAs, and the PGA macro library of almost 
300 TTL and SSI/MSI standard family equivalents. 


Automatic Design Implementation 


The Automatic Design Implementation package enhances the 
productivity of designers using PGAs by reducing design place- 
ment and routing time, and at the same time, maintaining 
flexibility. Designs that are developed incrementally can take 
advantage of automatic placement and routing by locking 
partial PGA layouts in place while automatically placing and 
routing design additions. 


The automatic placement and routing program is extremely 
flexible. Through placement directives, the user can control the 
placement process to achieve the best arrangement for a 
particular design. Routing resources can be specified to 
minimize clock skews and signal delays for critical paths. The 
result is faster product development. 


PGA Design System 


The PGA Development System provides users with a complete 
design and development system for specification and imple- 
mentation of designs using PGAs. Functional definition of 
configurable logic blocks (CLBs), input/output blocks (IOBs), 
and interconnections is performed with a menu-driven 
interactive graphics editor. Functions are specified by CLB and 
IOB definitions plus their interconnections. The macro library 
and user-defined macros enable the user to easily implement 
complex functions. The check for logic connectivity and design 
rule violation is easily performed. All unused internal nodes are 
automatically configured to minimize power dissipation. 


Interactive point-to-point timing delay calculation is provided for 
timing analysis and critical path determination. This ability 
enables the user to quickly identify and correct timing problems 
while the design is in progress. 
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Programmable Gate Array Software from AMD 





A bundled development system without simulation 
(AmPGA151) is also available. Each piece of a bundled system 
may also be purchased individually. In addition, for those users 
who already have OrCAD software, a package containing only 
the PGA interface and library provides the necessary 
components to produce PGA designs using OrCAD tools 
(AmPGA035 and AmPGA045). 


Workstation Support 


With the AmPGA151 and AmPGA251 bundled development 
packages, AMD provides a complete, PC-based environment 
in which to design for PGAs. However, support is also available 


for a variety of CAE workstation products. In using one of these 
workstations, you move from the workstation environment to 
the PC environment and back, depending on the task. Below, 
in the diagram of the PGA design tasks, the shaded boxes 
represent tasks performed on the workstation and the white 
boxes denote PC-based tasks. 


Currently, AMD supports workstations from Daisy/Cadnetix, 
inc. and Mentor Graphics Corporation. A package is available 
from AMD for each of these systems, containing the PGA 
interface and library necessary to design for PGAs. In addition, 
the PGA interface and library for Valid EDA Systems is 
available from Valid Logic Systems. 
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Programmable Gate Array Software from AMD 





Daisy Schematic Capture and Simulation 
Interfaces (AmPGA133) 


The Daisy interfaces from AMD allow the Daisy workstation 
user to enter a PGA design. It includes the following features: 


* Full support of timing verification through back-annotation 
to the CLB or gate level 


* Macro library of over 100 TTL and standard logic family 
equivalents 


* User control of flagging critical paths 
* Use of familiar Daisy design entry methodology 
* Output compatibility with PGA Development Software 
* Hardware, software support 
Hardware platforms: 
* IBM PC-AT™ 
* Daisy 
Software: 
« DNIX Operating System 
* ACE™/DED graphic schematic editors 
« DLS™ Logic Simulator 
* PGA library 


Mentor Schematic Capture and Simulation 
interfaces (AmPGA134) 


The Mentor interfaces from AMD allow the Mentor workstation 
user to enter a PGA design. It includes the following features: 


« Full support of timing verification through back-annotation 
to the CLB or gate level 


¢ Use of familiar Mentor design entry methodology 


« Macro library of over 100 TTL and standard logic family 
equivalents 


¢ User control of flagging critical paths 
« Output compatibility with PGA Development Software 
« Hardware, software support 
Hardware: 
* All Apollo platforms 
Software: 
« Apollo Aegis Operating System 
* IDEA Applications 
* NETED™ Schematic Editor 
« QuickSIM™ Logic Simulator 


Valid Schematic Capture and Simulation 
Interfaces 


The Valid/PGA interfaces from Valid Logic Systems allow the 
Valid EDA Systems user to enter a PGA design. It includes the 
following features: 


¢ Full support of timing verification through back-annotation 
to the CLB level 


- Use of familiar Valid design entry methodology 


* Macro library of over 100 TTL and standard logic family 
equivalents 


¢ Output compatibility with PGA Development Software 
¢ Hardware, software support 
Hardware: 
¢ Sun 
¢ Digital 
¢ IBM PC-AT 
* Valid 
Software: 
¢ ValidGED™ Graphics Editor 
¢ ValidSIM™ Interactive Logic Simulator 
* ValidTIME™ Timing Verifier 
For more information about the Valid/PGA interface, contact 


Valid Logic Systems 

2820 Orchard Parkway 
San Jose, California 95134 
(408) 945-9400 


Valid International 
Valid House 

39 Windsor Road 
Slough Berkshire 

SL1 2EE England 
44 (75) 382 0101 


Nihon Valid Logic Systems Co., Ltd. 
Tokyo Building 

2-16-8 Minami-lkebukuro 
Toshima-Ku, Tokyo 171, Japan 

81 3 980 6421 
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ABEL™ and PLDlinx™ 


Powerful Tools for PLD Design 


Data I/O 
Corporation 





Data I/O offers PLDlinx and ABEL (Advanced Boolean 
Expression Language); two design tools used to convert 
high-level design descriptions into optimized PLD im- 
plementations. The output of these tools is the JEDEC 
file (Standard 3A) used in all PLD programmer technol- 
ogy. The JEDEC file, which contains the fusemap (lists 
of binary values) that reflects the design to be imple- 
mented into the target PLD, does not have a format that 
is practical for describing the design. However, both 
PLDlinx and ABEL offer practical methods for describ- 
ing designs to be implemented into one or more PLDs. 
PLDlinx provides for design entry through schematic 
diagrams and supporting text, and creates a source file 
that is passed to ABEL. ABEL also allows design entry, 
but through equations, state diagrams, and truth tables. 
In addition, ABEL provides design optimization through 
logic reduction, and allows simulation and testing of the 
design before generating the JEDEC file. 


PLDlinx 


The main function of PLDlinx is to process a design that 
is expressed as a Schematic diagram to a form thatis an 
acceptable source file for ABEL. To do this, PLDlinx 
translates the connectivity data produced from the sche- 
matic into Boolean equations that are correctly format- 
ted for input to ABEL. The schematic diagram is drawn 
using the FutureNet® DASH™ Schematic Entry System 
(or DASH-PLD, a low-cost PLD-only version of DASH) 
and its logic symbol library. The resultant drawing file is 
then processed for application to PLDlinx as indicated in 
the flow diagram of Figure 1. Generic logic devices, and 
a subset of TTL devices, are expressed in a discrete 
function library of Boolean equations that is accessed by 
PLDlinx. Device descriptions can be added to the library 
at any time to include new and special devices. The dis- 
crete function library, in conjunction with the file pro- 
duced by the drawing preprocessor, provides PLDlinx 
with all the information necessary to create Boolean 
equations that reflect the design. These equations can 
then be used by ABEL to develop the JEDEC file for the 
PLD programmer. A second library, containing descrip- 
tions of each PLD supported by PLDlinx, is used to verify 
input and output pin assignments, and to verify that the 
design is compatible with the chosen programmable 
logic device. 


Hierarchical Designs 


PLDlinx allows you to express designs in a hierarchical 
manner where designs are drawn as modular design 


Publication# Rev. Amendment “Issue Date 
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functions by means of functional block symbols. 
Modularizing a design by function simplifies design 
management and reduces processing time when de- 
sign changes occur. A hierarchical drawing method also 
allows you to use (include) some common logic func- 
tions in your design without the need to draw them re- 
peatedly. In the following example, for instance, a logic 
function, such as a four-bit counter, or a T-type flip-flop, 
is entered once and then simply included in the next 
higher drawing in the hierarchy. 









Logic 





DASH 
Symbol or 
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Library 


Drawing 
Preprocessor 


Discrete 
Function 
Library 





PLDlinx 












ABEL 
Source File | 





Programmable 
Device 
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Figure 1. PLDlinx processes a design that is ex- 
pressed as a schematic diagram to a form that is 
used as a source file for input to ABEL 


An example of a hierarchical design is shown in Figure 
2. This illustration shows a top level schematic for a sim- 
ple 12-bit counter made up of three identical four-bit 
counters, and that resets to zero when a count of 3456 
(decimal) is reached. The four-bit counters are repre- 
sented by three identical functional blocks named 
CNT4T that show no internal circuit details, but only in- 
puts, outputs, and interconnections. A declaration box 
lists the include box named cnt14.inc so that PLDlinx will 
process the equations and test vectors listed in that box. 
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ABEL and PLDliinx 
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Figure 2. A 12-bit counter consisting of functional blocks and declaration text 





The second equation 


Terminal_Cnt = (Count == 3456) 


causes the counter to reset tozero at count 3456; other- 
wise the counter would achieve a count of 4095. 


Figure 3 shows the next lower-level drawing. This draw- 
ing shows that each of the four-bit counters is made up 
of four T-type flip-flop functional blocks named TFFR_D 
and connected together in a serial fashion. Figure 4 
shows the internals of each functional block that repre- 
sents a T-type flip-flop. The T-type flip-flop is created 
fromthe commonly found D-type flip-flop, with feedback 
connected through an XOR gate. This simple example 
shows how basic circuit elements can be implemented 
in functional blocks and then used at a next higher level, 
which in turn can be implemented into “larger” functional 
blocks, and so on. 


Mixing Text And Graphics 


Figure 2 also shows how PLDlinx can process drawings 
that describe the design description in both graphics 
and text form. That is, text and graphics are used to ex- 
press different aspects of the design, depending on 
which form is the more suitable when entering the de- 


sign by means of the schematic entry system. In the ex- 
ample 12-bit counter that resets at a count of 3456, it is 
relatively easy to enter the major portion of the design 
using functional blocks and discrete elements, but not 
trivial to enter the necessary reset gating to achieve a re- 
set at 3456. The ability to mix text and graphics in the 
drawings, and have PLDlinx supply the pertinent equa- 
tions, allows the use of a text entry to declare the full 
count value of the counter instead of having to enter it 
graphically on the schematic. This method of declaring 
the counter using a mixture of graphics and text greatly 
simplifies the task of entering the design. 


All drawings to be processed by PLDlinx contain a dec- 
laration box that names the design, the target device, in- 
put pin names, output pin names, etc. Text that de- 
scribes the actual design is also placed in the declara- 
tion box, or in an “include” box which is then declared in 
the declaration box. For example, Figure 2 contains the 
declaration box named DECBOX which identifies the 
design and defines the inputs and outputs of the 
counter, the target device type, and the name of the de- 
sign. DECBOX also lists the include box named 
cnt14.inc so that PLDlinx includes the equations and 
test vectors contained in this box inthe ABEL source file. 





ABEL and PLDlinx 
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Figure 3. Each four-bit counter is made up of T-type flip-flops 
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Figure 4. A D-type flip-flop performs T-type 
functions when the input is fed back through an 
XOR function 


Partitioning Discrete Logic Into a PLD 


PLDlinx can also be used to extract a portion of an exist- 
ing schematic and place that logic in one or more PLDs. 
Figure 5 shows a 6809 microprocessor with control 
ROM, dynamic RAM, I/O decoding, and refresh logic. 
The non-shaded portion of the schematic shows the I/O 
and refresh logic which are to be placed ina single 16L8. 
By adding the following declaration box (Figure 6) to the 
schematic, the desired portion of the schematic is de- 
clared for processing by PLDlinx. The declaration box 
partitions the schematic by naming the target device 
and the input/output/bidirectional pin names and num- 
bers. The declaration box also contains the name of a 


test vector file (decoder.vec) that will be used to test the 


design later in the simulation stage. When PLDIlinx proc- 
esses the 6809 schematic, it places only the declared 
portion of the drawing in the source file that will be 
passed to ABEL. 
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Figure 5. The unshaded I/O and refresh logic can be partitioned into a single PLD 





DECBOX02 


mod: decoder; 

title; ©6809 microprocessor system; 
fusefile: u09; 

dev: pl618; 

in: ‘ je OLS 

an: 


COUNT = 12; 

BE, CAS, RAS,WE = 13,17,18,19; 
DRAM = 16; 

decoder. vec; 


U02 


Figure 6. This deciaration box defines that part 
of the overal! schematic to be implemented in 
the 16L8 device 





ABEL 


ABEL (Advanced Boolean Expression Language) is a 
complete logic design tool for PAL devices, FPLAs, 
PROMs, FPLSs, etc., supporting over 200 different ar- 
chitectures, which translates to over 10,000 devices. 
ABEL incorporates a high-level design language and a 
set of programs that process logic designs to give cor- 
rect and efficient designs that can be implemented in a 
wide variety of logic devices. Designs processed by 
ABEL are output in JEDEC file format, suitable for 
downloading to logic device programmers. ABEL will 
also read JEDEC files and convert them to design 
source files in its own format. This feature is useful in 
cases where a JEDEC file already exists for a design to 
be modified or built upon, and no ABEL source file ex- 
ists. 
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How Designs Are Expressed 


The ABEL design language allows the use of design 
structures that are familiar to designers; high-level 
equations, Boolean equations, state diagrams, and 
truth tables. The designer can choose any of these 
structures or combine them to describe a design. Mac- 
ros and directives are also available for complex de- 
signs. 


Design processing by ABEL includes source file syntax 
checking, automatic logic reduction, automatic design 
simulation, verification that a design can be imple- 
mented in achosen device, and automatic generation of 
design documentation. The source file, written as an 
ASCII file, or generated by PLDlinx, can be edited by 
means of any text editor that produces ASCII files. The 
source file can also contain test vectors, or name a 
separate file of vectors to be “included”, for simulation of 


equations in muxadd 


Score = 

CarryOut = Data & Score # 
is Ace = (Card == 1); 
Score.RE = !Clr; 


the design. To perform simulation in a variety of pro- 
grammablie devices, ABEL constructs a software model 
of the PLD using the fuse information calculated from 
the reduced logic equations and detailed information 
about the specific PLD. If a design is too large for a sin- 
gle programmable device, you can use ABEL to split the 
design into multiple PLDs. 


“COUNT = COUNT +1” Is Not a Boolean 
Equation 


Figure 7 shows a portion of an ABEL source file that de- 
scribes part of a design with Boolean equations. Figure 
8 shows a portion of the same design expressed with a 
state machine, while Figure 9 shows a portion described 
with a truth table. The high-level equation feature of 
ABEL is shown in Figure 10, a design for a 16-bit 
counter, where the counter operation is defined by a sin- 
gle non-Booiean equation “count = count+1.” 


Score $ Data $ CarryIn; 


(Data # Score) & CarryIn; 


Figure 7. Expressing a portion of a design with Boolean equations 


then AddCard else ShowHit; 


'Ace) then Add_10 else Wait; 


then Test_17 else Wait; 


if Hit then ShowHit else Test _ 22; 


state diagram in bjack Qstate 
State Clear: Ace := Low; 
goto ShowHit; 
State ShowHit: Ace := Ace; 
if (CardIn==Low) 
State AddCarda: Ace = Ace; 
if (is Ace & 
State Add_10: Ace = High; 
goto Wait; 
State Wait: Ace := Ace; 
if (CardOut==Low) 
State Test_17: Ace = Ace; 
State Test 22: Ace >=Ace; 
case !Bust 
Bust & !Ace 
Bust & Ace 
endcase; 
State Sub_10: Ace = Low; 
goto Test_17; 
State ShowBust: Ace := Ace; 
goto ShowBust; 
State ShowStand: Ace = Ace; 


goto ShowStand; 


:ShowStand; 
: ShowBust; 
>Sub_10; 


“Loop until reset 


“Loop until reset 


Figure 8. Expressing a design with a state machine 
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“ Digit separation macros 


binary = 0; “scratch variable 
clear macro (a) {@const ?a=0}; 
inc macro (a) {@const ?a=?atl1;}; 


truth_table in binbcd 
( Score -> [BCD2,BCD1]) 
clear (binary); 
@repeat 32 { 
binary -> [binary/10,binary%10]; inc(binary) ;} 


truth_table in binbcd 
( Score -> [BCD2,BCD1]) 
GQ => TOG ; 
= 
> 
=> 
ag 
=> 
> 
-> 
=> 
og 
=> 
=> 
as 
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Knee MeemeeS Berea Braver Led bened Bec bene! bed bned Seeet binned 2d 
™s Te Ze Be Be Be Ve Be We We Be Ws & 


MrPrRrROOCCOOCOOoOOO Oo 


eo 
Nr © 


29 —-> [2 , 9 
S00 > [cS tg <0 
3h. ES i 


0 
14 
] . 


tf a 


Figure 9. Expressing a design with a truth table. The upper truth table uses macros and repeat directives 
to produce the “long-hand” truth table shown in lower portion of the illustration 





module _cntlteq 


title '4-bit binary counter using equations 6 
Data I/O Corp. 11 Jan 1989’ 


cntl6éeq device ’P16R8’; 


“Pins 
Clik, Cir, 05 pan sly -2,44¢ 
Q3,92,Q21,Q0 pin: 14,15,16,17> 
“Sets 
Count = [Q3..Q0]; 
“Constants for test vectors 
Hag hog Oe pies SS jae Oy. . cag awe - eet 
Equations 
Count := (Count + 1) & Clr; 


Figure 10. An ABEL source file containing a high-level equation to express the operation of a counter 
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Automatic Polarity Selection 


ABEL provides automatic polarity selection to accom- 
modate devices having programmable polarity. When 
designing with one or more of these as the target de- 
vice(s), such as the 22V10, ABEL will try to reduce the 
design using both polarities, and then use the polarity 
that results in the fewer number of product terms. 


Automatic Fitting in XOR Devices 


When designing with one or more XOR devices, ABEL 
will form new equations as necessary to accommodate 
these devices. For example, the equation !Q=!A$!B# 
IC #!D (where ! = not, $ = XOR, and # = OR) can be im- 
plemented in a 32VX10, but will not fit in a 20X8, since 
the latter device can only exclusive-OR two product 
terms with two product terms. When given a Boolean 
equation that contains more than the allowable XOR 
product terms, ABEL alters the equation to fit the target 


PT input 
[0110 0110 01] 


HIGH [T ze 


PT10266 
Pin 1 
Node 25 
Node 27 
Node 26 


HIGH 


PT 9164 
Pin 1 
Node 25 
Node 27 
Node 26 


[TFEFFFFFF 
[0 
{1 
[0 
[0 


[FFFFFFF 
[0 
[1 
[0 
[0 


]---| 
]---| 
]---| 
]--~| 
|---| 


]---| 
}---| 
]---| 
}---| 
]--- | 


device. In this example, ABEL provides the equation !Q 
=A$B&C &D (where & = AND), which can be imple- 
mented in the 20X8. 


Viewing Internal Activity of the Design 


ABEL also incorporates a “trace” feature that allows you 
to examine activity within the device. During simulation 
of the design, ABEL can be made to display a “graphic” 
representation of the logic levels occurring at various 
points within the macrocell of the chosen target device, 
as well as at external pins of the device. This visibility 
into the internal nodes of the device allows ABEL to 
serve as a macrocell debugger, displaying the logic lev- 
els within the macrocells for given input stimulus to the 
device. The display provided during this phase of ABEL 
operation is shown in Figure 11, which indicates the 
logic levels at the register inputs/outputs at specific 
times during operation of the design. 


[1001 1001 1010 1010 0101 1001 1001 0101 0110 0110 1010 1010 ]j 


Pons Ie Vec=i 


Powe J; Vec=L 


Figure 11. A built-in macrocell debugger provides visibility into the state of the nodes of each macrocell 
during design simulation (portion of a 29M16 shown) 
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The ABEL User interface 


The user interface for ABEL can be either command line 
oriented or menu driven if the features of Data I/O’s Per- 
sonal Silicon Foundry are used. The graphical interface 
provided by Personal Silicon Foundry allows you to 
work with various tools that comprise a complete design 


Data J/ Verconad orbrron boundry 
tGnay saqhside ss babaeh vey wae 4 

il 
Weta ena wap ie aes 


} 
\ vile ie te 
Hun hee ssa 


opyr ig 585 --- Data Y/0 Corporation PSF Version 3.118 
Left Mouse Litton: Select and Execute Right Mouse Button: Traverse Menu 





system. PLDlinx and various operating modules of the 
ABEL package are easily selected on the opening menu 
shown in Figure 12. PLDlinx is invoked by selecting 
“Schematic Translation” onthe menu, while the different 
ABEL functions are chosen by means of the “Logic Syn- 
thesis” and “Text Editing” (a text editor to create and edit 
ABEL source files) selections. 


Data E70 Personal Siticun taundey- 


t Pyare fo aaetre 


fy ut 
Pa ie se 
Ue A) be ia re a 


- was Piyite 2909 “'™ Lala 47U GUI PU @eiul ror VOI DIU) J, Lan 
Left Mouse but on: Select and Execute Right Mouse Button: Traverse Menu 


Figure 12. Personal Silicon Foundry Opening and Schematic Translation menus 





For more information, contact: 
Data I/O Corporation 
(800) 247-5700 or (206) 881-6444 
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FutureDesigner™ Data I/O 
Corporation 

FutureDesigner Form Purpose 

FutureDesigner from Data I/O is an integrated design Declarations Enter set names, pin 


entry system which combines industry standard sche- 
matic capture, behavioral design entry, and logic syn- 
thesis capabilities. Future Designer allows the digital de- 
sign engineer to use any combination of equations, 
truth tables or state diagrams to describe a design, inde- 
pendent of the target PLD or FPGA. Logic synthesis 
technology is used to automatically convert the high- 
level behavioral design description into the proper struc- 
tural representation for multiple PLD and FPGA imple- 
mentation. 


FutureDesigner includes an interactive user interface, 
allowing entry errors to be caught immediately. Once a 
design is entered, it can be quickly verified, thus ensur- 
ing that design errors are caught up front. After design 
verification, reduction and factoring can be automati- 
Cally performed to produce the most efficient design. 
Partitioning can also be employed to support multiple 
PLD or FPGA applications. As output, FutureDesigner 
produces design documentation and industry standard 
files for device implementation. 


How A FutureDesigner Design Is Entered 


Within FutureDesigner, designs can be entered either 
structurally with schematics, or behaviorally using equa- 
tions. Structural descriptions can consist of any collec- 
tion of generic gates and flip-flops, or any off-the-shelf 
part that has a Boolean equivalent, including most 7400 
series TTLparts. Complex features like partitioning, lay- 
ered text, and hierarchical design entry are all sup- 
ported. Design Processing is performed automatically 
by tracing circuit paths and forming Boolean equations. 
Intelligent register configuration and utilization is also 
supported along with the generation of control logic 
terms. 


FutureDesigner also allows behavioral design entry us- 
ing a forms-based editor. The following entry forms are 
available: 


Publication # Rev. Amendment: Issue Date | 
14092 A 10 1/90 


assignments, etc. 
Equations Aid entry of Boolean equations 
Truth Table Aid entry of truth tables 


State Diagrams Aid entry of state diagram 


Simulation Set parameters, perform simulation 

Reduction Set parameters, perform reduction 

Factoring Set parameters, perform factoring 

Partitioning Define partition, display partitioning 
data 

Schematic Set parameters, perform schematic 
generation 

PLD Map Set parameters, create JEDEC file 


Each type of form has a predefined format and follows 
certain rules to make design entry easier, faster, and 
more accurate. For example, as an engineer enters an 
equation in the equations form, FutureDesigner checks 
each signal name against those entered on the declara- 
tions form. If a typing or assignment error occurs, an er- 
ror message appears so the error can be corrected. For 
instance, entering an input on the output side of an 
equation would result in an error message, as would the 
use of an illegal operator or incorrect syntax. 


The interactivity of the forms prevents design errors 
from accumulating in a design, only to be discovered 
later after much work. More than one form can be dis- 
played on the screen at a time, and all forms are always 
“active”— that is, available to FutureDesigner for cross- 
checking of entries and collection of data for further 
processing. 
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shelltool ~ “binges. se perry ee eae 
ees HEE anima einai ss tales, Mi BN at a ANSEL TL! OFT 
edit type: reduction : 


elect Reduction: None Transform Sum-of-products Espresso espresso-eXact 
Reduce: Done 

Form type Yneat orn | Perm tiie Ot oe 

ount.d = (Count. : + & iClear — cig Mee Ps 


Sea 8 F 


Count.ctk = Clk 


Count.oe = I0E1 


Fora types reduction | 
eduction Leve 
| Polarity 
1 Exclusive-OR 
V Display 
r QB.clk = Clik 


Formename: Reduce 


n 

nr !Q8.d = Q0.q # Clear 

nr Q@.0e + I0E1 

ner Qt.clk = Clk 

ner ae d= Clear @ ae qé& ue q # Rhee a & 1Q8. bi 


Figure 1. Split Screen Showing Original and 
Reduced Equations 


shelltoo a - /binfcsh 
‘ Soi ethno ; 
type: sinotatic on 


Enter input or output value 
ector 16 has passed 





1 6 8 
a 8 8 
@ a 8 
B 8 @ 
8 8 8 
8 8 8B 
8 8 6 
8 8 8B 
8 @ 8 
8 6 8 
i) 8 8B 
8 6 86 
6 8 6 
8 @ 8B 
8 a8 @ 
6 6 6 
i] 8 @ 


Figure 2. FutureDesigner Simulation In Progress 





The top of Figure 1 shows an equation form with three 
equations that describe the COUNT function of the 
counter/LED decoder design example. The first equa- 
tion, “Count.d = (Count.q +1) & !Clear’, describes the 
count-up operation that takes place only when Clear is 
low. Note that a ”.d” or”.q” has been appended to the set 
name. This notation allows the engineer to explicitly 
state whether the reference is to the D input or Q output 
of aD flip-flop. It also provides better control of multiple 
feedback paths. 


The second equation, “Couni.clk = Clk”, describes the 
clocking operation, assigning the clock input of the flip- 
flops to the Clk signal. The third equation, “Count.or = 
10E1”, is for the output enable. 


FutureDesigner Reduction 


The lower half of Figure 1 shows reduced equations. 
Note that reduction parameters can be entered in the 
four columns to the left of each equation to be reduced. 


FutureDesigner Simulation 


A simulation form is shown in Figure 2 for the LED de- 
coder portion of the design. FutureDesigner will fillin the 
output section of the form automatically. Once the input 
values are entered, the simulator goes to the design de- 
scription forms, applies the inputs to the design, obtains 
output values, and inserts them into the simulation form. 
(Notice that in Figure 2 roughly half the simulation is 
complete, so half the values are filled in.) The engineer 
checks the values to make sure they are correct andcan 
then make them “permanent,” so they may be used for 
checking future iterations of ihe design. 


Simulation takes place interactively and can be set to 
stop at the first error. An error message is displayed on 
the screen so corrections to the design can be made. In 
fact, because FutureDesigner can display more than 
one screen at atime, the engineer can simply call up the 
truth table for the decoder and make the appropriate 
change without leaving the simulation screen. 





FutureDesigner Factoring 


PLDs differ inthe number of inputs to their AND and OR 
gates, the number of product terms, the existence of 
feedback paths and internal registers, the number of in- 
puts and outputs, and many other items of interest to the 
engineer. FutureDesigner’s factoring algorithm opti- 
mizes the design equations for the gate counts of the 
target device, creating intermediate equations and mul- 
tiple levels of logic to do so. This is particularly useful for 
FPGAs and multi-level logic PLDs. 


Figure 3 shows the counter equations before factoring; 
note that Q3.d requires five product terms. Figure 4 
shows the factored equations for the counter outputs. 
During factoring, one intermediate equation, “cnt@0”, 
was produced to reduce the number of product terms 
from five to four. If an internal signal or extra input is 
available, this intermediate equation can be used. Note 
also that the intermediate equation introduced one more 
stage or level into the design (indicated by the [3] next to 
the equation). In timing-critical designs, such a tradeoff 
may not work; in other designs, saving one product term 
may mean cost and/or power savings. by allowing the 
use of a smaller PLD. 


lEnter factor group name 
Reduce : 


Rin: 2 AND BOR Min: OR Max: 4 
Saas Count: 99 Factor Target: n Polarity: + 


Stages Factored Equations: 
1Q3.d = 
Clear 


. 1Q8. 
a ae q & Q2.q & Qi.q & Q8.q 
2.d 


Clear 
# !102.q & !Qi.q 
' 1Q2.q & es ; 
§ Q2.q & Qi.g & QA. 
: ahs e = Shawl , “at. q & “co. q # 1Qi.q& ee q 


Figure 3. 3. Screen Showing Original Eauations 
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shelltool - fbin/cebh 
; Insert: off 
: factor 
elect factor target: Gate_array If] None Pal 


Form type: otacter | 
Bat: 


M AND g OR Min: OR Max: 4 
Stage Gaunt: 99 Factor Target: A Polarity: + 


f Group: cnt 


Stages Factored Equations: 
3 1Q3.d = cnt@@ # Q3.q & Q2.q & Qi.q & QB.q 
1Q2.d = 
Clear 
' 1Q2.q & IQi.q 
# 1Q2.q & 108.q 
# Q2.q & Qi.q & QB.q 
1Qi.d = Clear # Qi.g & Q8.q # !Qi.q & !Q8.q 
1Q8.d = QB.q # Clear 


Intermediate Equations: 
cnt@a = Clear # 103.q & 1Q2.q # 1Q3.q & IQi.q # 1Q3.q & !086.q 





Figure 4. Screen Showing Factored Equations 


FutureDesigner Partitioning 


Manually partitioning a PLD design into more than one 
PLD can be a difficult task. The engineer must deter- 
mine which inputs and outputs are common to equa- 
tions to decide what makes a sensible partition. 
FutureDesigner’s partitioning form provides assistance 
in this task. Figure 5 shows a partitioning form for the full 
LEDCOUNT design. 


The engineer enters design outputs that he thinks are 
candidates for partitioning. FutureDesigner references 
the various declaration and design description forms 
and fills in the required inputs, the required number of 
combinational and registered outputs, and the total 
number of pins used by the partition. In this case, it is ob- 
vious that there is a natural partition between the count 
function that produces the QO through Q3 outputs, as 
well as the decoder function. 


Pin and Device Assignment 


To this point, the FutureDesigner design description has 
been completely “technology independent.” In other 
words, the function of the design has been described 
without regard to the type of device used to implement it. 
This design could be part of a larger gate array or acom- 
plete program for a PLD. In this case, we have a parti- 
tioned design for two PLDs and must assign signals to 
the PLD pins. Figure 6 shows a device and pin assign- 
ment form. 








+ LG Insert: offi 

type: partition : 
fenter signal name (as in declaration) 
pReduce : Done 


\ Comb Outputs: 7 (@ w/feedback) Reg Outputs: 4 (4 w/feedback) 
iTotal Pins Required: 16 


Inputs Required: 

Clk ,0E1,Q8@,Q1,02,Q3,cntea 
Bidir Clear,Cik,0E1,Q8,Q1,Q2 
Bidir Clear,Cik,0E1,Q@,Q1 
Bidir Clear,Cik,0£1,Q0 
Output 0E2,08,01,02,03 
Output 0E€2,Q8,Q1,02,03 
Output OEF2,08,01,02,03 

Output O0E2,08,01,02,03 
Output OE2 ,Q@ ’ Q1 ’ Q2 , Q3 

Output 0E2,08,Q1,02,Q3 

Output O0E2,Q6,Q1,02,Q3 


Signal Type: 
Bidir 


Figure 5. Partitioning Form Used to Partition 
Large Designs 


SUMMARY 


FutureDesigner is a powerful tool for designs using mul- 
tiple PLDs or FPGAs. It supports mixed mode design 
entry, multi-level simulation, logic synthesis and optimi- 
zation, partitioning and industry standard output for- 
mats. It is also completely compatible with Data I/O’s 
entire suite of PLD tools, including ABEL™, PLDtest 
Plus™, MESA and UniSite™. 


shelltaol =~ /bain/csh : 
aes Insert: off 


H 
f nter name of partition to map 

gcount led ledcount 

; Raia tranme 2 Court ns 


hecksum Format: full Fast Flag: no 
Simulation Form(s): tedcount 
WPLD-Sim? _ Trace: @ X-level: 1 Z-level: h Breakpoints: 


Display Pins: 


Special Fuse Number: 


Feed Share 
Back Terms 
high yes none no 
Input high yes none no 
Input _ high yes none no 
Bidir 2 high no reg no 
Bidir 3 high no reg no 


Pin Prod Pin Act Reg R 
Type Terms Num Lev Byp 
2 


Input 


Figure 6. Device and Pin Assignment Form Used 
When a FutureDesigner Design is Programmed 
Into a PLD 





For more information, contact: 
Data I/O Corporation 
(800) 247-5700 or (206) 881-6444 
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CUPL™ — 
Universal Compiler 
for Programmable Logic 


Logical Devices, Inc. 





GENERAL 


CUPL, the first high level universal development tool for 
programmable logic devices (PLDs), was initially devel- 
oped by Assisted Technology, Inc., which was later 
bought out by P-CAD, Inc., in 1985. In July of 1988, 
Logical Devices, Inc., acquired the CUPL product line 
and immediately began updating and enhancing this 
widely used PLD compiler. In early 1989 Logical 
Devices released CUPL version 3.0, adding the follow- 
ing improvements: 


A front end menu system — A new menu-driven in- 
terface was added to the CUPL program to make the 
program easier to learn and use. The various phases 
of PLD design development can be stepped through 
without the need of memorizing command syntax. 
Menu selections are explained in an on-screen 
“Message Center,” and a tutorial is provided that 
takes the user from design concept to custom chip. 


Improved documentation — The CUPL manual 
was redone in order to assist both new and experi- 
enced users of CUPL in accessing information effec- 
tively, and a separate CUPL User’s Guide was 
created that covers the overall flow of data within the 
program, installation and customer support issues, 
and a history of CUPL and its improvements. 


Improved syntax — A MACRO command has been 
added which allows users to create their own macros 
that can define common logic constructs such as ad- 
ders, decoders, counters, etc. These user-defined 
macros can be stored in a separate file and called 
into subsequent design files. A REPEAT command 
allows indexing of equations, which reduces many 
redundant statements to a simple indexed loop. 
CUPL’s preprocessor provides string substitution, 
file inclusion, and conditional compilation. 


Improved simulation — CSIM, CUPL’s simulation 
program, will correctly simulate a clock MUX and 





asynchronous architectures. Also, the simulation re- 
sults can now be displayed in waveform output for- 
mat, which is quite useful for design verification and 
documentation purposes. 


Greater Device Support — Device support is a key 
issue in the evaluation of a PLD development tool, 
and this is why CUPL users worldwide have re- 
sponded so enthusiastically to the support and atten- 
tion Logical Devices is giving to CUPL. As a major 
manufacturer of PLD programmers, we have been 
working closely with device manufacturers for years 
on device support issues, and this experience is put 
to good use for CUPL users, especially with all the 
new PLD offerings being introduced to the market- 
place. In addition to the mainstream PLDs, CUPL 
supports the latest devices with advanced output 
macrocells such as the AMD PALCE29M16 and 
PALCE29MA16. CUPL supports all AMD PAL and 
PLS devices. 


Compatibility to related CAE software — CUPL 
can now be interfaced to schematic capture software 
such as P-CAD® (PC-CAPS), OrCAD/SDTIII", 
Omation (Schema), Wintek (Hi-Wire), Racal-Redac 
(CADSTAR), CAD Software (PADS-iogic), Protel- 
Schematic, and Phase-Three Logic (CAPFAST). 


Platform availability — In addition to standard PC, 
XT and AT machines, CUPL is also available for 
UNIX® and VAX®/VMS® installations, and runs on 
SUN®, HP®/Apollo® and DEC® workstations. 


Customer Support — The all-important area of 
technical support is expertly handled by Logical De- 
vices. An Electronic Bulletin Board System is on-line 
24 hours a day, 7 days a week to facilitate transfer of 
design files and retrieval of up-to-date information. 
Comprehensive update and maintenance programs 
are also available. 


6-25 





CUPL — Universal Compiler for Programmable Logic 


OVERVIEW OF DATA FLOW 


Figure 1 gives a graphical overview of the flow of data 
within the CUPL program. Information about the devices 
supported by CUPL are kept in a device library file, 
CUPL.DL. First, you create a logic description source 
file (filename.pld) using the CUPL language to describe 
the logic you will assign to a PLD. The CUPL compiler 
generates files to download to a device programmer and 
files for documentation purposes, depending on the 
options specified in the source file. 


You can also create a test specification file (filename.si) 





ON-CUPL 
DEVICE 
LIBRARY 






Source 
File : 
Absolute 
———_ File 
LST 
List File 
With Errors 
.DOC 
Documentation 
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«MX 
: Macro 
xpansion —— = 
Frile ZHEX alo 
HL 


Download Download No Test 
File File 


DEVICE 
LIBRARY 











si) 


to verify the logic before programming the device. CSIM 
compares the expected values in the test file to the 
actual values in the absolute file (filename.abs) created 
by CUPL. When simulation is complete without any 
errors you can specify that the verified test vectors be 
appended to the download file generated by CUPL, for 
use with device programmers which handle test vectors. 
Note that CSIM is separate from the compiler, which 
means that you can run successive simulations on the 
same design file without having to re-compile each time. 
CSIM can optionally display the results of simulation in 
waveform output format. 
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THE TEMPLATE FILE 


TMPL.PLD is a template file provided with the CUPL 
program that you can use to build your logic source file. 
The structure of the template file is shown below. 


Name <filename>; 

Partno <for this function>; (This section of the 
Date <date of last change>; CUPL source file 
Revision <current rev. no.>; contains keywords 
Designer <your name>; which identify the 
Company <your company>; file for revision and 
Assembly <where PLD is used>; archival purposes) 
Location <on PC board>; 

FORMAT <output option flags>; 

DEVICE <device mnemonic>; 


J BRR RRR KIRK RRR RRR HERR HKE IKKE ERI I KKH HH ERIK HERE RE KEKE ERERER / 
/* This space is used for describing the function of the design * / 
/* and allowable device types. CUPL both promotes and provides * / 
/* good documentation. Comments can be placed anywhere in the file*/ 
J BRR HRER KERR ERR RR KK KR HERERIKHK KIKI HK ERIK IKKE HR ERIK KK KERR KARE EKEERER / 


/* Allowable Target Device Types: * / 
J BRR RRR RRR IKK KK IKK ER IKKE EI III ITI RIKI IKE IKKE KEIERERERER / 


/** Inputs **/ 


Pin = : /* (This section is used for * / 
Pin = ; /* declaring pin numbers and * / 
Pin = ; /* assigning them variable names. */ 
Pin = : /* * / 
Pin = ; /* The exclamation point (!) is * / 
Pin = : /* used to define asserted low * / 
Pin = ; /* input and output signals, so * / 
Pin = ; /* with CUPL you can always write */ 
Pin = ; /* equations in positive logic */ 
Pin = ; /* regardless of the polarity * / 
Pin = ; /* of the signals entering the * / 
Pin = ; /* device... * / 
/** Outputs) **/ 

Pin = ; /* ...0or whether there are * / 
Pin = ; /* inverting buffers at the * / 
Pin = ; /* outputs. * / 
Pin = ; /* * / 
Pin = : /* When you negate an entire */ 
Pin = ; /* expression, CUPL automati- * / 
Pin = : /* cally performs a DeMorgan */ 
Pin = : /* expansion.) */ 


/** Declarations and Intermediate Variable Definitions **/ 


(This section of the source file is used for making declarations 
such as BIT FIELD and NODE declarations, and for writing inter- 
mediate variable equations. Bit Field statements allow you to 
declare a group of bits to be equal to a single symbolic name which 
can then be used in equations. Node statements are used to declare 
a variable name for buried state registers and functions.) 


/** Logic Equations **/ 


(This section is for logic equations, which can be written in 
state machine, high-level equation (boolean), and truth table 
format. The form for logic equations is as follows: 

[!] var[.ext] = exp; 
where var is a single variable or list of indexed or non-indexed 
variables, ext is an optional extension to assign a function to 
the major nodes inside a progammable device, and exp is an expression 
consisting of variable names specified elsewhere in the source file. 
The [!] symbol is the complement operator, which can be used on either 
side of the assignment operator (=). 
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EXAMPLES CUPL will automatically generate the equivalent source 
| file (filename.mx) without the MACRO and REPEAT 

This example of a 10-state decade counter shows the functions (see Figure 2), which could be used for 

power of the MACRO and REPEAT capability. By debugging purposes. 

specifying an option flag when compiling this source file, 


Name COUNTER10; 

Partno CA0018; 

Date 05/24/89; 

Revision O01; 

Designer Baird; 

Company Logical Devices, Inc.; 

Assembly None; 

Location None; 

Device pl6r4; 

[RK RRR KK KKK RK KR KKK KK KKK KK RK KK RK RK KR KR KK RR KK KKK RR IK KK IK RK RK IK / 
/* */ 
/* Decade Counter */ 
/* */ 
/* This is a 10-state up/down decade counter with synchronous x / 
/* clear capability. An asynchronous ripple carry output is x / 
/* provided for cascading multiple devices. CUPL state machine */ 
/* syntax is used. */ 
[RRR KK IKK KK KR KK KKK KK KR KI KKK IK OK KKK KOK IOI I OK RK IOI III IOI I I / 
/* Allowable Target Device Types : PAL16RP4 x/ 


[BKK KK RIK KK RI KK KK RIK II KK II KR IK IR III IO III TOK I IK RO KK  / 
/** Inputs **/ 


pin 1 = clk; /* Counter clock af 
pin 2 = clr; /* Counter clear input x 
pin 3 = dix; /* Counter direction input at 4 
pin 11 = !0e; /* Register output enable x / 


/** Outputs **/ 


pin [14..17] = ![Q3..0]; /* Counter outputs a | 
pin 18 = !carry; /* Ripple carry out * / 


/** Macro Definition **/ 

SMACRO COUNTER num statebit up down clear 
FIELD COUNT = [sStatebit{0}..{log2(num) - 1}]; 
sequence COUNT { 

SREPEAT i = [{0}..{num-1}] 


present 'b’ {i} if up next ‘b’ { (i+1) num}; 
if down next ‘'b!’ { (num-1+1i) $num}; 
if clear next." bp’ {0}; 

SREPEND 


out carry; 


} 
SMEND 


/** Declarations and Intermediate Variable Definitions **/ 


field mode = [clr,dir]; /* declare mode control field */ 
up = mode:0; /* define count up mode */ 

down = mode:1; /* define count down mode */ 
clear = mode: [2..3]; /* define count clear mode */ 


/** Logic Equations **/ 


/* free running counter */ 
COUNTER(10, Q, up, down, clear); 


Figure 1. Counter Using MACRO and REPEAT 
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Name COUNTERI10; 

Partno CA0018; 

Date 05/24/89; 

Revision 01; 

Designer Baird; 

Company Logical DeviceS, Inc.; 
Assembly None; 

Location None; 

Device pl6r4; 


[KK KR KK KKK KK IK KKK KK KK KK KK IKK KK IK OI II IO IO II IO I kK 


/* 
/* Decade Counter 

/* 

/* This is a 10-state up/down decade counter with synchronous 
/* clear capability. An asynchronous ripple carry output is 

/* provided for cascading multiple devices. CUPL state machine 
/* syntax is used. 


tle 
*/ 
at 4 
*f 
ny 
Af 
*/ 


[KK KKK KK KK KK IK KKK III KK IK KK KK Kk kk / 


/* Allowable Target Device Types : PAL16RP4 


*/ 


[KKK KK RR RK I I KKK IK KK I IK FOR KOK KI IKK III KKK / 


/** Inputs **/ 


pin 1 = clk; /* Counter clock 

pin 2 = Clr; /* Counter clear input 

pin 3 = dir; /* Counter direction input 
pin 11 = !o0e; /* Register output enable 


{** -Outputs: **/ 
pin [142.17] = !(03:.0]% /* Counter outputs 


pin 18 = !carry; /* Ripple carry out 


/** Macro Definition **/ 
/** Declarations and Intermediate Variable Definitions **/ 


field mode = [clr,dir]; /* declare mode control field */ 
up = mode:0; /* define count up mode */ 

down = mode:1; /* define count down mode */ 
clear = mode:[2..3]; /* define count clear mode */ 


/** Logic Equations **/ 


/* free running counter */ 
FIELD COUNT = [Q0..3]; 


sequence COUNT { 


present ‘'b’0 if up next ‘’b’1; 
if down next 'b’1001; 
if clear next ’b’0; 


present ‘'b’1 if up next 'b’10; 
. if down next ‘'b’0; 
if clear next 'b’0; 


present 'b’10 if up next ‘'b’'11; 


if down next '’b’1; 
if clear next '/b’0; 


Figure 2. Equivalent File without MACRO and REPEAT 


aif 
x 
ae A 
*}. 


ay 
ey 
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if up next ’b’100; 
if down next 'b’10; 
if clear next 'b’0; 


present ’b’11 


present 'b’100 if up next 'b’101; 
if down next 'b‘’11; 
if clear next 'b’0; 

present °b’101 if up next 'b’110; 
if down next 'b’100; 
if clear next ‘b’0; 


present 'b’110 if up next ’b’111; 
if down next 'b’101; 
if clear next 'b’‘0; 

present eo aes 8 if up next ’b’1000; 


if down next 'b’110; 
if clear next ‘b’0; 


present ’'b’1000 If ap next 'b’1001; 


if down nest “bea. 
if clear next 'b’0; 


present 'b’1001 Lf up next 'b’0; 


if down next 'b’1000; 


if clear next 'b’0; 
out carry; 


Figure 2. Equivalent File without MACRO and REPEAT (continued) 


HIERARCHICAL DESIGN 


As you can see inthe above examples, one line of code 
in the PLD file (COUNTER (10,Q,up,down,clear)} can 
implement a 10-state counter. You can build your own 
macro library file (macrolib.m) of basic circuit functions 
(counters, adders, multiplexers, decoders, etc.) anduse 
them as building blocks for higher-level designs. For 
example, in the above count10.pld file the MACRO 
“COUNTER?” could be stored in a separate file and then 
called into the .pid file by using the $INCLUDE 
command. 


Example 


SINCLUDE macrolib.m 
COUNTER (10, Q, up, down, clear); 


will cause CUPL to open the macrolib.m file and extract 
the COUNTER macro specification into the .plid file. 
Using the $INCLUDE command gives you access to all 
the macro functions defined in the specified macro 
library. 


Documentation Output Files 


The documentation output file (filename.DOC) provides 
the fully expanded product terms for both intermediate 
and output pin variables, and a fuse plot and chip 
diagram. A JEDEC file is created for downloading to a 
device programmer. 


SIMULATION 


Animportant part of the PLD design process is verifying 
your logic design before programming the chip. CSIM, 
the CUPL simulator, is a powerful tool for PLD design 
verification. 


The input to CSIM (filename.si) is a file which contains 
an order statement and test vectors. 


The order statement lists the input and output variables 
that you want to simulate. The % sign is used for 
formatting purposes. It inserts spaces between the 
variable name columns. 


The vectors section is used to assign input values to 
each of the input variables and an expected value to 
each of the output variables. You can let CSIM 
determine the output value by assigning a “*” to the 
output variable. 


After running CSIM a simulation output file (filename.so) 
willbe created which shows the results of the simulation. 
The simulation results can be displayed in both table 
and waveform output format. 


A hardcopy of the waveform display can be created, 
which is useful for documentation purposes. 
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Device plérp4; 

Name COUNTER10; 

Partno CA0018; 

Date 05/24/89; 

Revision O17 

Designer Baird; 

Company Logical Devices, Inc.; 
Assembly None; 

Location None; 

Device pl6r4; 


[KKK KK I KKK IK II IK RO IORI TORII IO II IO IK IOI IO I I ek / 


/* x / 
/* Decade Counter x / 
/* x / 


[KK KK I I I II IRI IOI III III IOI III III III IOI II I / 


ORDER: clk,clr,dir, !oe, 32,Q3..0,%1,carry; 


VECTORS: 
C 100 LLLL L /* synchronous clear to state 0 * / 
C 000 LLLH L /* count up to state 1 x / 
C 000 LLHL L /* count up to state 2 x / 
C 000 LLHH L /* count up to state 3 */ 
C 000 LHLL L /* count up to state 4 x / 
C 000 LHLH L /* count up to state 5 */ 
C 000 LHHL L /* count up to state 6 * / 
C 000 LHHH L /* count up to state 7 * / 
C000: “HLLL: G /* count up to state 8 */ 
C 000 HLLH H /* count up to state 9 - carry x / 
C 000 LLLL L /* count up to state 0 * / 
C 010 HLLH H /* count down to state 9 - carry */ 
C 010 HLLL L /* count down to state 8 =} 
C 010 LHHH L /* count down to state 7 ue 
C 010 LHHL L /* count down to state 6 wf 
C 010 LHLH L /* count down to state 5 a 
C 010 LHLL L /* count down to state 4 x / 
C 010 LLHH L /* count down to state 3 ad 
C 010 LLHL L /* count down to state 2 x / 
C 010 LLLH L /* count down to state 1 x/ 
C 010 LLLL L /* count down to state 0 x / 
C001. “Zan i /* test tri-state * / 
C 000 LLHL L /* count up to state 2 * / 
C 100 LLLL L /* synchronous clear to state 0 x / 
Figure 3. Simulation 
Logic Minimization automatic test vector generator, PLAdvisor, a device 
selection program that utilizes user-defined criteria, and 
CUPL supports five levels of logic minimization—“NO- PLPartition, which will partition a design too large fora 
MIN,” “Quick-Min,” Quine-McCluskey, PRESTO, and single PLD. 
enhanced Espresso-selectable by the designer on a 
pin-by-pin basis. This flexibility can be very important For more information, contact: 
since it is sometimes desireable to maintain redundant Logical Devices, Inc. 
logic lelms in a design. (800) 331-7766 or (305) 491-7405 


New Product Developments 


Logical Devices is developing new products to comple- 
ment the CUPL compiler. These include TestPLA, an 
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THE PLD COMPILER 


With a Universal System... 


The complexity and number of PLDs is constantly in- 
creasing and they are becoming increasingly easy to 
use as a result of numerous special functions. Only truly 
manufacturer-independent CAE software, such as 
LOG/iC, can support all of this. By regularly updating its 
PLD library, ISDATA® makes sure that you are always 
right up with the latest developments. The LOG/iC PLD 
compiler provides you with all the advantages of logic 
synthesis, i.e., circuit definitions independent of the final 
realization and automatic circuit generation. It is there- 
fore easier to switch between different types and fami- 
lies of circuits. 


...Optimal Solutions 


The two PLD compiler optimizers make the best of your 
chips. This saves you money, space on the board and 
makes your circuits more reliable. 


LOG/IC 


LS Design Definition 
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Optimization 
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64 Generation 
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Figure 1. LOG/jC Design Definition 


Publication # Rev. Amendment Issue Date 
14094 A /0 1/90 


LOG/iC makes use of ISDATA’s own algorithm FACT 
for PAL structures and the ESPRESSO algorithm for 
PLA structures. LOG/iC automatically computes the 
logical true and inverted of every function-we call it “Auto 
de Morgan.” 


..and Design Safety 


Of course, the automatic generation of test vectors be- 
longs to the standards. A product term coverage of 
100% has been achieved. The test vectors are auto- 
matically inserted. into the programming file. LOG/iC 
produces current data formats, such as the JEDEC for- 
mat or the Intel HEX format (for PROMs). 


You Need Know Nothing More about 
PLDs than their Future Functions... 


You design the circuit as a whole, regardless of whether 
this design is to be implemented in one or more devices. 
Existing designs can be incorporated into new designs. 
Every functional block can be described with the most 
suitable syntax. Designs which exist as circuit diagrams 
can easily be input in the LOG/iC system via the option 
“Schematic Macro Library (SML).” At this stage it is not 
necessary to commit yourself to a particular PLD type. 


LOG/iC makes every step of the design transparent. 
The “Optimization Summary,” for example, tells you 
how many p terms each function needs. LOG/iC auto- 
matically configures the PLD’s macro cells. You can, of 
course, also easily define Preset, Output Enable, Clock 
and other functions yourself. 


After optimization you have to decide on one or more 
ICs. It is easy to partition the complete design onto suit- 
able, individual ICs. The PLD Data Base, an option to 
the program, automatically suggests a selection of suit- 
able chips. It is also a practical electronic reference 
“book.” 


PLDs are also easy to program. You can, for example, 
use menus to set all the interface parameters of your de- 
vice programmer. You don't have to worry about exten- 
sions and file names - the interactive program offers you 
elegant support. LOG/iC automatically generates the 
test vectors for testing the circuit on the programmer. 
You can, of course, add your own test vectors or get test 
vector files from the Functional Verifier. By the way, with 
this interesting option you can already “breathe life” into 
your Circuit before even having decided on which imple- 
mentation to use. 
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Figure 2: The LOG/iC Tool Box 
LOG/iC’s tool concept separates the design process into logical design and physical design. 


Process of Development 


LOG/iC is a universal design system for digital logic. It 
puts the emphasis on the logical description of the circuit 
rather than a specific device. LOG/iC allows you to run 
sophisticated designs without tying you down to a spe- 
cific IC. 


Circuit descriptions, as well as syntax and consistency 
checks, can be run without transforming the design into 
a specific device. This applies also to the circuit simula- 
tion performed by the “Functional Verifier,” which veri- 
fies the logical functioning of the design. There is a 
specific optimization for each particular device family. 
The designer’s choice of a device is based upon the re- 
sults of this optimization. Additional support is offered by 
the “PLD Data Base” that helps select the best-suited 
type in case of a PLD implementation. 


The described procedure allows the user to enter and 
optimize large designs even if they can't be imple- 
mented in one single IC. After optimization, LOG/iC 
helps to select the best-suited circuit technology and IC 
type, thus enabling the designer to make best use of the 
benefits of modern ICs. 


Circuit Definition 


LOG/iC offers specific description aids for various de- 
signs problems. Its standard syntax preferably de- 
scribes Combinatorial circuits, but it is also possible to 
describe sequential circuits by means of Boolean equa- 
tions. The FSM (Finite State Machine) syntax has been 
created to make the definition of state machines more 
convenient. Special interface options enable circuits 
from third-party systems to be fed into LOG/iC in the 
form of circuit schematics. Together with LOG/iC, any 
text editor can be used to edit design files. 
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Standard Syntax 


The basic elements of the standard syntax are Boolean 
equations and function tables. The format of the equa- 
tions corresponds to the common standard. Allcommon 
operators can be used. The equations can be nested in 
any order. They will automatically be converted into a 
Sum-of-Products (SOP) format. String substitutions 
considerably reduce the time spent on editing, and allow 
the design to be more clearly laid out. 









DESIGN DEFINITION 
STANDARD SYNTAX 


*FUNCTION TABLE 
$ (ADR[15..0}) :MEM, (RAMCS [1..3]), (REGCS [1..4]); 


OOOOH . . 3FFFH: 1, 100 , 0000 ; MEMORY NR.1 
4000H . . 7FFFH: 1, 010 , 0000 ; MEMORY NR.2 
8000H . . BFFFH: 1, 001 , 0000 ; MEMORY NR.3 
CO37H 7 0, ~ , 1000 ; S-REGISTER 
CC03H QO, - , 0100 ; F-REGISTER 
DOF7H 0, ~ , 0010 ; G-REGISTER 
EFF3H : 0, - , 0001 ; L-REGISTER 
REST : 0, ~ , 0000 ; NOT SELECTED 
*END 


14094-003A 
Design Definition Standard Syntax 





Function tables, basically the most concise way of for- 
matting, can be made even more concise through num- 
bers in arbitrary numeric systems, which can then be 
merged (hex, decimal, octal, binary). It is possible to 
partition logical data into a subset of different function 
tables. In addition, equations and tables can be merged 
in order to define a circuit. The option “Rest-Definition” 
and the use of number fields make the function tables 
particularly concise. As a result, address decoders es- 
pecially can be conveniently described. 


FSM-Syntax 


The FSM-syntax enables you to give a functional de- 
scription of a synchronous state machine. LOG/iC sup- 
ports the design of any state machine such as MEALY or 
MOORE or combinations of the two. Any diagram de- 
scription can be used as a concept, e.g,. flow diagrams 
or bubble diagrams. These diagrams can easily be 
transformed into LOG/iC syntax. The basic entry syntax 
is close to hardware. A number of syntax aids, however, 
enable circuits to be defined on a high level. Thus you 
can define input and output vectors and make the de- 
sign files more understandable by means of the macro- 
definition. The “range notation” also applies to state 


definitions so that counters and similar circuits can be 
conveniently defined. It is possible to select with a single 
statement the relevant variables out of a whole set of in- 
put variables. 









DESIGN DEFINITION 
STATE MACHINE SYNTAX 


* FLOW TABLE 


S [1..21], 'CLEAR', 'CAR_0O', Fl; SYNCHRONOUS RESET 
;COUNT UP 
S$ [1..20}, 'UP' , ‘CAR_O', F[2..21]; 
S21, "UP? , ‘CAR 1', Fl; 
;COUNT DOWN 
S$ [21..2], "DOWN' , 'CAR_O', F{20..1]; 
S$ 1, 'DOWN' , 'CAR1', F 21; 


*STATE ASSIGNMENT 
BINARY 
*END 
14094-004A 


Design Definition State Machine Syntax 





Consistency Check 


In addition to the usual syntax check, LOG/iC verifies 
the logical consistency. At a very early stage of the de- 
sign flow, inconsistencies are pointed out to the de- 
signer. The Consistency Checker reports its results in 
the form of information, warnings, and errors indicating 
the line where they occur. 


Incompletely specified branches of a state or incom- 
plete function tables are indicated as a warning. Am- 
biguous outputs of a table, onthe other hand, as well as 
contradictory branches and outputs of a state machine 
are indicated as an error. The LOG/iC consistency check 
detects even complex error conditions, such as states 
that can’t possibly be reached by the running circuit. 


CIRCUIT DEFINITION 
CONSISTENCY CHECK 


** WARNING ** STATE 1 INCOMPLETELY DEFINED 

** WARNING ** STATE 4 INCOMPLETELY DEFINED 

xekK INFO ***# NO EXIT FROM STATE 4 

keke OINFO **** STATE 3 CANNOT BE REACHED FROM INITIAL STATE 
xxee INFO **** STATE 4 CANNOT BE REACHED FROM INITIAL STATE 
INCONSISTENT NEXT-STATE ENTRIES IN LINE 1 AND LINE 2 
INCONSISTENT CONTROL-VECTORS IN LINE 7 AND LINE 8 


**k* LOG/iC ERROR TERMINATION: CONSISTENCY-CHECK *** 


14094-005A 
Consistency Check 
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Verification 


The option “Functional Verifier’ is a simulator that ap- 
plies stimuli to the circuit definition in order to verify its 
correct logical behavior. This simulation is not influ- 
enced by any devices and it provides a quick verification 
of the design definition. Its operation, similar to a Logic 
State Analyzer, is screen-based and therefore easy to 
run. The results of such a simulation are indicated in the 
form of waveforms. Inputs can be changed online in the 
interactive mode and the reaction of the simulated cir- 
cuit will be indicated immediately. 


CIRCUIT DEFINITION 
CONSISTENCY CHECK 


VERIFICATION 

12 STAGE COUNTER, 1-OF-N 

Ss c¢ R Cc Cc 

T OL E (@) D N Q Q 

A oO S U @) T Q Q Q Q Q 

T C E N Ww 1 1 1 Q Q Q 

E K T T N 2 1 0 8 7 
—0O-1——0-1-0-1~0-1——- 0-1~0-1-—0-1-—0-1-—0-1-—0-1-— 
12 

1 

12 

11 

10 

14094-006A 
Verification 

Optimization 


The data input and consistency checks are completely 
independent of the device. Optimization, however, is tai- 
lored to each specific family of devices. Even during op- 
timization, there is still no need to specify the type. PAL 
device designs are optimized by means of an exact pro- 
cedure, called the “FACT Algorithm.” PLA circuits, on 
the other hand, are optimized by means of a “bun- 
die”-minimization. Multi-level gate logic for gate and cell 
arrays is optimized through a special procedure. For 
ROM-based controllers, the optimizer computes vari- 
ous possible solutions. 


CIRCUIT DEFINITION 
CONSISTENCY CHECK 
VERIFICATION 
OPTIMIZATION 


SYNTAX AND CONSISTENCY CHECK: NO ERRORS 
READING RESULTS OF PHASE 1 
READING GATE LIBRARY 
START: COST = 447 STAGE LIMIT = 10 
EXPANSION: COST = 229 STAGES = 7 
TRANSFORMATION: COST = 256 STAGES = 7 
FANOUT ADJUSTMENT: COAT = 260 STAGES = 7 
FINAL COST = 260, REDUCTION = 41%, 
7 STAGES, MAX DELAY = 98.4 
14094-007A 


Optimization 


By offering a choice of optimizers, LOG/iC enables the 
user to optimize a defined circuit for very different reali- 
zations in a short period of time. The optimization re- 
ports produced in this way are tailored to specific device 
families. They are decision aids for the designer when 
he wants to realize a particular circuit. 


All the optimizers are described in more detail on their 
respective data sheets. 


Realization 


In the case of a PLD design, LOG/IC fits the optimized 
data into the device structure of a particular device and 
produces the programming and test data for the IC. The 
structural data are taken fromthe PLD library and the re- 
sults are transferred to the programmer in the form of a 
JEDEC File. 


CIRCUIT DEFINITION 
CONSISTENCY CHECK 


VERIFICATION 
OPTIMIZATION 
REALIZATION 
PAL-TYPE: PAL16RP6 
R 
E S T S 
S TM U MM M 
EN F F TT TT TT EA F F FN 
Tc G2 AK Z2L OM RZ 11 Cc 
0 00 O11 1 2 Pee 22 622+ 2 3. 
ROW ADDRESS 02 4 8 0 2 4 6 8 0 2 8 0 
SMF2 
8 00256 meee eee ne eX eX reer ree X--- 
9 00288 eer Heer Hee X-X- eer eee eee 
10 00320 ween wen HHXe een Hee X--X HX oH 
TK 
16 00512 Xen mH KX X eer err Xe eee ee 
17 00544 Xe-o- seer we KX --X— wee eee eee ee 
18 00576 Xoo HX ee eX cee ee re eee ee re 
19 00608 Xero seen cee ee X ~--X- Ke-- weer eee 
14094-008A 
Realization 


Module package “Gates” produces the net lists of the 
design in various data formats so that it can be trans- 
ferred to different CAE systems. 
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If a design is to be realized as a ROM-based controller, 
the designer chooses one of the seven solutions offered 
by the optimizer. The necessary programming and 
structural data are then produced. LOG/iC provides the 
programming data for PROMs in the Intel-Hex format. 


In all module packages, partial designs can be com- 
bined in order to be realized in one circuit. But at the 
same time, LOG/iC also enables the user to partition a 
design into various devices. 


Test Aid 


LOG/iC is an effective tool for the design of circuits, but it 
also offers many test aids. 


For PAL devices, module package 2 automatically gen- 
erates test vectors for a product-term-oriented test on 
the programmer. LOG/iC guarantees 100% product 
term coverage. Module package 1 supports input of 
user-defined test vectors and includes them into the 
JEDEC File. 





CIRCUIT DEFINITION 


; Cc R 
aes A E 
: 3 € QQ QQR OoGG&GS Vv 


i LXQQ QQR EXN NXEM LRRL MMXC 
: ¢ K112 34YB AN2D D3TO OOUU UM4C 


see wate ek rem ae ma te mpm te SN Sm O erUe s mN AeL IN UR SD ND ee mN o  e et  Sn 


DO PW HR RHR PP 
pe oe ce se oe oe te ‘eo oe ae ef 


14094-009A 
Test Support 
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Gate array circuits undergo a timing analysis after opti- 
mization. The results are extensively documented and 
contain a Critical-path analysis. In addition to the 
microprogram listing, LOG/iC generates additional test 
lists for MARCs. 


Example of PAL32VX10 Support 


The following example demonstrates the ability to use 
the T-type flip-flop in the PAL32VX10 directly though 
LOG/iC software. LOG/iC automatically emulates the T- 
type flip-flop as needed through specific programming 
of the XOR terms in the PAL32VX10. The following file 
fully describes a modulus-93 counter. 


® IDENTIFICATION . 

BIT STREAM COUNTER FOR 93 BITS (VER.2.1 T-FLIPFLOP) 
GUENTER BIEHL 

ISDATA KARLSRUHE, TEL. 0721 693092 

* DECLARATIONS 
X-VARIABLES 
Y-VARIABLES 
Z-VARIABLES 
*X-NAMES 
RESET = 1, DOWN=2, COUNT=3; 
*Y-NAMES 

CARRY = 1; 


Ss 
QQ(6..0] = [7..1); 
*RUN-CONTROL 
LISTING = PINOUT, FUSE-PLOT, EQUATIONS; 
PROGFORMAT =JEDEC; 
*Z-VALUES 
$[1..93}] = [0..92]; 
* FLOW-TABLE 
;COUNTER WITH 93 STATES AND CARRY SIGNAL 
${1..93], Xl--, YO, Fl; RESET CONDITION 
$[1..93}, X00-, ¥O, F{1..93]; HOLD 
S{1..92], xX010, YO, F[2..93}; COUNT UP 
$93 , * X010, Yi, Fl; CARRY 
$[2..93], X011, YO, F[1..92}; COUNT DOWN 
$l, XO1l, Yl, F93; CARRY 
*STATE-ASSIGNMENT 
Z-VALUES; 
*PAL 
TYPE=PAL32VX10; 
*PINS 
RESET=3, COUNT=4, DOWN=5, 
CARRY=22, QQ(0..6J]=[15..21]; 
*FLI 
T-FLIPFLOP 
* END 


no tl 


1 
7 


14094-0010A 
PAL32VX10 Support 


LOG/iC 


LOG/iC FUNCTIONAL VERIFIER 


e Design verification in the logical design phase 
e Logical simulation independent of the realization 


e High-level language supported generation of stimu- 
lus files 


e Automatic generation of functional test vectors for 
the use in the testing field 


e Interactive simulation directly on the screen 
e Simple, menu-controlied operation 


e Circuit development and simulation on the same 
system with the same user interface 


e Verifies synchronous and asynchronous logic 


Realization-iIndependent Functional Veri- 
fication 


Conventional simulators simulate the function and, at 
the same time, the detailed timing behavior of the circuit. 
However, we know from experience that a large number 
of the errors made during development of a circuit are of 
purely logical nature. They can be discovered much 
faster and more easily using a simulation which is di- 
rectly based on the functional circuit description. 


The LOG/iC Functional Verifier operates on this princi- 
ple. It allows the correct logical behaviorof a circuit to be 
verified before the realization has been compiled. Logi- 
cal errors are therefore discovered in an early stage of 
development and then it is only a short step to eliminat- 
ing these errors. You work with this “early warning sys- 
tem” like with a logic analyzer. 


Clear and Concise Documentation 


The contents of the trace buffer or the parts thereof can 
be displayed on the screen (on PCs with EGA board, 
with up to 43 lines): 


e as waveforms 


e or as binary numbers. 


You can print out the following documents: 
e aprotocol of the whole simulation, 
e the list of test vectors, 
¢ or any part of the contents of the trace buffer in vary- 
ing degrees of detail and print format. 
eee or Program-Controlled Simu- 
ation 


The LOG/iC Functional Verifier consists of three differ- 
ent parts: 


e Design Compiler 
e Stimulus Compiler 
e Interactive Simulator 


The Design Compiler analyzes the LOG/iC design defi- 
nition and from this creates the simulation model. The 
results of the compilation are stored in intermediate files 
so that it is necessary to run the compiler only once 
when generating or changing the design entry. ' 


In addition to the interactive specification of stimulus 
vectors, the LOG/iC Functional Verifier allows pro- 
gram-controlled generation of stimuli. A PASCAL-like 
high-level language supports this. The Stimulus Com- 
piler checks this test program and compiles it into a bi- 
nary form which can be read by the Interactive 
Simulator. This allows even large stimulus files to be 
quickly and easily generated. You can interrupt the pro- 
gram at any time with the command “PAUSE” and con- 
tinue interactively. The results of the simulation run 
recorded in a circular trace buffer. 


Technical Data 


e Contents of trace buffer: 1024 events 
e Number of I/O variables: max. 256 each (PC: 128) 


e Supported special functions: Reset, Preset, Output 
Enable, etc. 


e Number of iterations: 99, for simulation of asynchro- 
nous state machines 


LOG/iC PLD DATA BASE 


e Information about almost all available ROMs and 
PLD devices 


e Structural specifications, parameters, extracts from 
the logic structure and pinouts are clearly displayed 


e Automatic device selection for a given design 


e Searches according to specified criteria. Search cri- 
teria include all device data. Easy to find second 
sources 


e Menu-controlled operation 
e deal electronic reference “book” 


Detailed Information about Every Device 


The rich selection of PLD devices is, of course, very wel- 
come. The electronics developer is overwhelmed by the 
enormous range of choice of enticing technical possibili- 
ties. This multitude even makes it difficult for PLD insid- 
ers and old hands to find the most suitable device with 
respect to logical structure, electrical data, packaging, 
etc. for a particular circuit. 
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The PLD Data Base offers the designer valuable and 
easy-to-use support for this purpose. The electronic ref- 
erence “book” saves you from having to leaf through in- 
numerous data books. For every supported PLD device, 
the PLD Data Base displays the structure data, physical 
parameters, manufacturer and technology on the 
screen. It also displays an extract of the fuse plot, includ- 
ing the macro cell, as well as the pinout. 


The PLD Data Base is an option to the CAE system 
LOG/iC. It adds a user interface and a compiler interface 
to the standard PLD library of the LOG/iC PAL® and 
PLD compilers. The user then has access to the greatly 
extended library which, in addition to the structure data, 
contains the technical parameters and technology of al- 
most all available PLDs. 


Automatic Device Selection 


If the PLD Data Base is operated with the LOG/iC PLD 
optimizer, then the values necessary for the realization 
of the circuit, such as optimization results, pin number, 
number of bidirectional signals, reset or clock function, 
are automatically passed on to the data base. The data 
base then selects — based on the optimization results of 
the compiler — the most suitable devices and displays a 
list of all devices which might come in question. If you 
specify additional properties interactively, such as maxi- 
mum supply current or switching frequency, then the se- 
lection is limited even more. In this way the device most 
suitable with respect to both its logical structure and its 
physical values is quickly found. 


This automatic search for the optimal devices makes the 
PLD Data Base a unique tool for PLD development. 
Search for Specified Properties 


The parameters of all supported devices stored in the 
PLD Data Base can be used as Search criteria by them- 
selves or combined arbitrarily. For instance the desired 
properties could be specified as follows: 


e number of in- and outputs 

e nodes and feedbacks 

e number of product terms 

e polarity of the outputs 

e number of pins 

¢ number and type of special functions 
e name of device (also incomplete) 


e desired technical properties of a device such as its 
electrical data, delay times, technology, manufac- 
turer 
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This also makes it easier to find compatible types: ques- 
tions such as “Is there a type we can replace the PLD we 
are now using which uses less current and is packaged 
inaPLCC?” are immediately answered by the PLD Data 
Base. 


All information about the stored devices can be quickly 
and easily accessed by the developer. If you select the 
name of a certain device, then the structural specifica- 
tions and the parameters appear on two screens. Ona 
third screen you can see an essential extract of the logi- 
cal structure of the device (macro cell) and the fourth 
screen contains the pinout of the respective PLD. 


Always up to Date 


At present the PLD Data Base supports over 270 PAL/ 
PLA devices and more than 1100 PROM devices. 
These numbers only include the structures of the de- 
vices and not the innumerous variants of the devices 
with respect to power, speed and packaging, which are 
also contained in the data base. As the data base is con- 
stantly being supplemented, the user is always up to 
date. We often offer the support of new devices before 
the ICs are even on the market. 


LOG/iC SCHEMATIC MACRO LIBRARY 
(SML) 


e Input of schematics via standard CAD 
e Old designs can be easily used again 

e Extendable library of standard devices 
e Hierarchical design with graphics 

e Automatic file exchange 

e Simple, menu-oriented operation 


Optional Design Entry: Schematic Input 


The realization possibilities and methods of electronics 
have considerably improved in the last few years, but 
not the basics. Old designs can therefore still be used 
when clothed in new devices (PLD, arrays). Instead of a 
new development it is often better to continue to use the 
old, proven circuit either as a whole or part thereof. 


However, a practical problem generally crops up: “How 
do | get my old designs or parts thereof into the PLD 
compiler?“ This is where the schematic entry is the right 
aid: 


“Schematic Macro Library” (SML) now also allows the 
input of net lists from the third-party systems into LOG/ 
iC, for example from the widely-spread schematic edi- 
tor, OrCAD. 


LOG/iC 





The SML contains a large number of well-known TTL 
and CMOS circuits, but also manages the circuits you 
design yourself. A schematic editor allows industrial cir- 
cuits as well as your own designs to be graphically con- 
nected to each other. LOG/iC then turns it into a PLD or 
an array. The Schematic Macro Library works with all 
LOG/iC packages from Release 3.2. 


The Schematic Macro Library consists of three compo- 
nents: 


e Net List Converter 
e Standard Library 
e Library Manager 


It allows a circuit diagram which has been developed 
with a CAD system to be converted into a LOG/iC design 
file. 


To do so, the user first draws the circuit design with his 
CAD system (e.g., OrCAD) into which he can integrate 
complete existing and new parts. From this, OrCAD 
then generates a net list of the circuit in ED/F format. 


SML’s net list converter converts this net list into a de- 
sign file which the LOG/iC compiler “understands.” The 
graphically described function blocks can also be linked 
to other blocks, making hierarchical designs possible. 
The same applies for other common schematic editors. 


The current version of SML supports OrCAD’s schemat- 
ic editor SDT, and also the editors from Mentor and 
Viewlogic. 


Extendable Standard Library 


The Schematic Macro Library contains a library with a 
multitude of logical modules which are described in 
LOG/iC design files. These include almost all ICs from 
the TTL series 74xx, 74LSxx, 74HCxx, etc., as well as 
the most important ones from the series CMOS 4000. 


The library manager forms the cross-references be- 
tween devices with the same function but different 
names. It also manages function macros created by the 
user, €.g., a library of his old designs. This allows you to 
work block-oriented with graphics. The contents of the 
library can be displayed on the screen at any time. 


Even without a CAD system, the library is a great help in 
practice. Even when it is not possible to represent the in- 
formation graphically, the net lists can be transferred to 
the LOG/iC compiler. 


Technical Data 


e Contents of the library: at present about 1000 TTL 
and CMOS devices 


e Your own designs can be added to the library as 
macros 


e Number of in/outputs of a design: max. 256/256 (PC: 
128/128) N.B.: Please note limitations imposed by 
the CAD system 


e Number of blocks per design: max. 100 


Automatic Correspondence with LOG/iC 


The Schematic Macro Library is simple to use. It is oper- 
ated with menus. For example, the CAD system can be 
directly accessed with cursor keys or the mouse from 
the LOG/iC main menu. 


The individual files are automatically exchanged be- 
tween the CAD system and LOG/iC. The correct net list 
version is also automatically generated. 


Once the net list converter of the SML generates the 
LOG/iC design file, LOG/iC checks the data in the same 
way as for any other design entry. Serious errors can be 
eliminated at an early stage in development. For further 
work on the circuit design, all common test and process- 
ing aids of the LOG/iC system are available. 


The schematic input can be arbitrarily mixed with other 
circuit definitions based on LOG/iC’s syntax. In this way 
it is possible to describe every circuit or part thereof in 
the syntax most suitable. In addition to the circuit dia- 
gram input, LOG/iC “understands”: 


e function tables 
e Boolean equations 


e the FSM (finite state machine) syntax 
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PERFORMANCE OF THE LOG/iC CAE SYSTEM-SUMMARY 


e Design Entry 


e Minimization 


° Transformation into 
Device Structures 


e Support of Test 


e Documentation 


e Integration into 


CAE Environment 


Boolean Equations 
Truth Tables 

FSM 

Consistency Check 


Proprietary, tailored Algorithms for: 
PAL: FACT optimizer 
PLA: BRUNO algorithm 


PLD Library with over 275 PLD Architectures 
PLD Data Base with automatic Chip Selection 


Automatic Generation of Testvectors for PLDs 


Extent and Kind of Documentation selectable 


Netlist-Interfaces for Input and Output of 
Design Data 


LOG/iC HARDWARE PLATFORMS 


Computer 


IBM-PC 
IBM PS/2 


VAX 730 
up to 86xx 


VAX Workstation 
Apollo Workstation 
DN3xx, 5xx, 6xx 
DN3000, DN4000 
HP9000-318 up 


Sun 386i 
Sun series 3 


ISDATA 
800 Airport Road 


Monterey, CA 93940 


USA 
Tel: 408-373-7359 


Telefax: 408-373-3622 
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Operating Systems (min. Rel.) 
DOS (2.0) 


VMS (4.2) 
ULTRIX (2.2) 


mic. VMS (4.2) 
ULTRIX (2.2) 


AEGIS (9.5) 


HP-UX (6.01) 


SunOS 
SunView 


ISDATA GmbH 
Haid-und-Neu-Str.7 
D-7500 Karlsruhe 1 

West Germany 

Tel: 07 21/69 30 92 
Teletex: (17) 721170 inkutb 
Telefax: 07 21/17 42 63 


Schematics 

— Circuits 

— FSM 

Functional Verification 


Gates: Two stage optimization 


Support of all Gate Libs and also 
LCA devices 

Insertion of new Microprograms into 
existing MARC structures 


Testlistings for MARCs 
Timing verification for Gates 


Documentation tailored to chosen 
Device Family 


Communication Module for controlling 


the Device Programmer 
Postprocessor Interface 


Storage Media 


5.25” 360 KB 
3.5” 720 KB 


1600 bpi Magtape 
TK50 Cartridge 
1600 bpi Tape 


0.25” Cartridge Tape 


0.25” Cartridge Tape 


0.25” Cartridge Tape 


PLDesigner® 


Minc Incorporated 


Speed Your Logic Designs with Design Synthesis, Architecture 
Mapping, and Fully Automatic Multi-part Design Partitioning 





AN OVERVIEW OF MINC’s PLDESIGNER 


MINC’s PLDesigner can reduce the time you spend de- 
signing with PLDs. This unique, third-generation design 
system is different from older, compiler-type tools be- 
cause: 


e There is a single language for all types of devices. 
You can enter a design independent of the device or 
set of devices that will eventually be used to imple- 
ment the design. 


e PLDesigner can automatically select the device ar- 
chitecture that is best for implementing a design. 
This offers you solutions that you may not have con- 
sidered, including the most sophisticated devices. 


e PLDesigner shows you 10 different implementations 
of the same design. You can then choose the alter- 
native that is best suited for your design. 


e If more than one device is required in your design, 
PLDesigner will automatically divide the design 
across multiple parts. 


The intelligence included with PLDesigner automati- 
cally implements a design once it has been functionally 
described. This allows you to concentrate on the design 
without becoming an expert on hundreds of device ar- 
chitectures. Since PLDesigner is a universal system, 
there is no need to learn a different language when us- 
ing a new part. 


As aresult, PLDesigner makes it easy for designers that 
are new to PLDs to work with all types of architectures. 
PLDesigner drastically speeds up the design process 
for the experienced user by eliminating tedious tasks. 
And, by offering alternatives to the design impiementa- 
tion, you can be sure that your solution is optimal. 


Design Entry 


With the power of PLDesigner’s expert system, you now 
spend most of the design time describing the design in- 
stead of searching for suitable devices. Since design 
entry is now of primary importance, PLDesigner pro- 
vides many ways of describing the design. 


e MINC’s high-level Pascal-like language includes 
self-documenting constructs such as CASE and IF/ 
THEN/ELSE. Truth tables, Boolean expressions, 
and powerful state machine commands are avail- 


Publication # Rev. Amendment Issue Date 
14095 A Oo —1/90—s|y 


able for a wide variety of design structures. The same 
language is used for all PLDs, including PAL® de- 
vices, PROMs, and sequencers. 


e Schematic entry supports OrCAD®, P-CAD®, and 
FutureNet® and other schematic capture systems 
with the EDIF 2.00 netlist format. 


e With PLDesigner’s patented waveform entry sys- 
tem, you can describe synchronous input and output 
waveforms; PLDesigner will synthesize the required 
implementation logic. This method is ideal for hand- 
shake control, glue logic, and any other design that 
can be described with a timing diagram. 


These design methods can be combined to form a sys- 
tem. Using the most appropriate entry method, you can 
enter each section of the design. Each portion, then, is 
independently simulated and documented. When all the 
modules have been entered and verified, they can be 
combined and simulated as a system. At that point, the 
entire design can be handed to PLDesigner’s expert 
system for architecture mapping. 


For example, the front end of a PLD design could be en- 
tered using a schematic (perhaps “borrowed” from an 
existing discrete design). Control circuitry could be de- 
scribed in the language as a state machine, with hand- 
shaking to other devices described with waveforms. 
These modules would be combined together to form a 
system, then partitioned into multiple PLDs, if neces- 


Sary. 


With PLDesigner’s unique ability to combine designs, 
portions of a design can be stored away as a “design li- 
brary” for use on other projects! 


Eight-bit Bidirectional Shift Register 


As an example of the language entry method, consider 
the following design of an eight-bit bidirectional shifter. 
Notice the use of IF/THEN/ELSE statements to quickly 
define the function of the design. 


This design requires two PLDs to implement because of 
the large number of inputs (14) and outputs (9). Your 
job, however, is simple. Since the design is entered in- 
dependent of the eventual implementation, it is as easy 
to enter a 4-bit shift register that would fit into a single 
device, as it is to implement a 16-bit shift register that 
could require three devices. 








PLDesigner 


TITLE SHIFTER.SRC; 
COMMENT 8-bit Bidirectional Shift Register; 
FUNCTION shift; 
MACRO left 1; “left is true 
INPUT d7..d0, shift_in; 
INPUT output _enable, parallel load, no_shift, direction, reset; 
OUTPUT q7..q0, shift’ out CLOCKED BY sys_clock ENABLED BY output enable; 
IF. (reset) 
THEN 
[q7..q0] = 0; “reset outputs 
ELSE 
IF (parallel load) 
THEN 
[q7..q0] = [d7..d0]; “load outputs with input data 
ELSE 
IF (no shift) 
THEN 
[q7..q0] = [q7..q0]; “hold current value 
ELSE 
IF (direction = left) 
THEN 
[shift out, q7..q0] = [q7..q0, shift_in]; “shift left 
ELSE 


[q7..q0, shift out] 
END shift; “end of function 


[Shift any qic.q0ly “Shiet- fight 
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Bus Arbiter 


Another example of PLDesigner’s high-level language 
is state machine entry. State machines are useful for de- 
signing controllers in systems, or any time a sequential 
algorithm must be implemented in hardware. The fol- 


lowing example shows a bus arbiter that grants access 
to two controllers requesting a bus. 


Many state machine designs start as a “bubble dia- 
gram.” With PLDesigner’s language, it is easy to take 
each bubble in the diagram, and convert it into states for 
a state machine design. 





Bus arbiter to allow a bus to be shared between two processors. 


Processor A has priority in the case of simultaneous requests; 


TITLE ARBITER.SRC; 
COMMENT 
FUNCTION arbiter; 


LOW_TRUE INPUT 


bus_rq A, bus_rq_ B; “bus request A & B 


LOW TRUE OUTPUT bus_grant_A, bus_grant_B; “bus grant A & B 


STATE MACHINE bus arbiter; 
CLOCKED_ BY sys_clock; 
“sys_clock 


STATE idle: 
bus _grant_A = 0; 
bus_grant_B = 0; 
IF (bus rq A) 


“The state bits for this design will be clocked by 


IF (bus_ rq B) “To get here, A has not requested the bus 


THEN 
GOTO A_has_bus; 
ELSE 
THEN 
GOTO B_has_ bus; 
ELSE 
GOTO idle; “To get here, 


“the bus 


STATE A_has_bus: 
bus _grant_A 1; 
bus_grant_B = 0; 
IF (bus_rq A) 


neither processor has requested 


GOTO A_has_ bus; “A holds onto bus as long as needed 


IF (bus_rq B) “To get here, A must be finished with the bus 


THEN 
ELSE 
THEN 
GOTO B_has_bus; 
ELSE 
GOTO idle; “To get here, 


A has finished with the bus and 


“B has not requested it. 


STATE B_has_ bus: 
bus_grant_A = 0; 
bus grant_B = 1; 
IF (bus_rq B) 


GOTO B_ has_bus; “B holds onto bus as long as needed 


IF (bus_rq A) “To get here, B must be finished with the bus 


THEN 
ELSE 
THEN 
GOTO A_has_ bus; 
ELSE 
GOTO idle; “To get here, 


B has finished with the bus and 


“A has not requested it. 


END bus_arbiter; “end of state machine 


END arbiter; “end of function 
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DRAM Controller for a 68000 Micropro- 
cessor 


Insome cases, the behavior of hardware is inthe form of 
timing diagrams. You will see this most often when inter- 
facing a microprocessor to peripheral devices. When a 
hardware description is in the form of timing diagrams, 
PLDesigner’s waveform entry method can make entry 
as easy as drawing the timing diagram! 


This design example provides the DRAM control logic 
for a 68000 microprocessor. The “AS” and “RW” signals 


FILE 


File: DRAM.WAV 





sys-clock (C) 


cbO (0) 
AS (LI) 
RW (LI) 
WE (0) 
OE (0) 
RAS (0) 
CAS (0) 
LDTACK (0) 
PLWave 


Delay = 0 ns 


OPTIONS 


are from the microprocessor, “sys_clock” is the clock, 
the LDTACK signal is fed back to the 68000 to terminate 
the bus cycle, and all other signals are control lines re- 
quired by the DRAM. 


The waveforms are drawn on-screen with a mouse or by 
stepping along and designating “H” or “L” with the key- 
board. PLDesigner’s waveform compiler takes the 
waveforms you have drawn and converts them into the 
Boolean equations to be fit into PLDs. 


HELP EXIT 


1000 


Sec/Div = 100 ns 


400 600 800 
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Combining Multiple Designs ample with the DRAM controller in the third example to 
fit them into a single device. To do this, the following file 
Using PLDesigner’s unique capability of combining de- is created: 


signs, you can merge the bus arbiter in the second ex- 





TITLE COMBINE .SRC; 
COMMENT This combines a bus arbiter and DRAM controller into a single 
system; 


“Note: sys_clock is the clock used in both designs 


FBINCLUDE ‘dram’; 
FBINCLUDE ‘arbiter’; 


The designs are automatically combined with the results the entire system. Once completed, the entire design 
placed in a single file. If desired, system test commands process is automatically documented, as follows: 
can be included with this file to simulate the behavior of 








PLDesigner - (c) Copyright 1987, MINC Incorporated 
EQUATIONS FOR SYSTEM 
INPUT SIGNALS: 


LOW TRUE GND 

HIGH TRUE VCC 
HIGH TRUE AS 

HIGH TRUE RW 
LOW_TRUE BUS RQ A 
LOW TRUE BUS RQ B 


OUTPUT SIGNALS: 


LOW TRUE CBO 

LOW TRUE WE 

LOW TRUE OE 

LOW TRUE RAS 

LOW TRUE CAS 

LOW TRUE LDTACK 

LOW TRUE BUS_GRANT A 

LOW TRUE BUS GRANT B 

HIDDEN HIGH _TRUE BUS_ARBITER7-SO0 
HIDDEN HIGH TRUE BUS ARBITER7-S1 


REDUCED EQUATIONS: 


CBO.CLK = sys_clock ; 
._D = /CBO ; 
WE.CLK = sys_clock ; 
.D = /AS*/RW*/OE*/CAS*LDTACK + /CBO*WE ; 


OE.CLK = sys_clock ; 
-D = /AS*RW*/CAS + CBO*OE ; 


RAS.CLK = sys_clock ; 

.D = /AS*/CAS + LDTACK*/CBO + LDTACK*OE ; 
CAS.CLK = sys_clock ; 

._D = /AS*/RW*WE + /AS*RW*LDTACK ; 
LDTACK.CLK = sys_clock ; 


.D = /CAS*/AS + /CBO*LDTACK + CAS*OE ; 
BUS_GRANT_A.EQN = BUS _ARBITER7-S0*/BUS_ARBITER7-S1 ; 
BUS_GRANT_B.EQN = /BUS ARBITER7-S0*BUS_ARBITER7-S1 ; 


BUS _ARBITER7-S0.CLK = sys_clock ; 
.D = BUS_RQ A*/BUS_RQ _B*/BUS ARBITER7-S0O + 
BUS RQ _A*/BUS ARBITER7-S1 ; 
BUS ARBITER7~-S1.CLK = sys_clock ; 
.D = BUS_RQ_B*/BUS_ ARBITER7-S1*/BUS RQ A + 
BUS RQ B*BUS ARBITER7-S1*/BUS ARBITER7-S0 ; 


ll 





PLDesigner 


Device Selection Criteria 


After completing the design entry, you hand your design 
over to PLDesigner’s expert system. PLDesigner does 
not blindly select devices for you; instead, you specify 
what a “best” solution is in your environment. 


You can declare the criteria that each device must meet 
(logic family, temperature, speed, manufacturer, pack- 
age, etc.). You also can select what is more important in 


the implementation (cost, speed, number of parts, cur- 
rent consumption, etc.). 


Your design philosophy is passed to the partitioning sys- 
tem that performs the architecture mapping, selecting 
the best device architecture for the design. PLDesigner 
will select from PROMs, PAL devices, and sequencers 
in acombination that provides the best solution for your 
design problem. 


PLDesigner- - - - Partitioning Menu 


COMBINE 
MINCLIB.AVL 


System File 
Available File 


START PARTITIONING 
EXIT MENU 


Constraints 
Number of Devices : --- 
Logic Family : TTL 
Manufacturer ; AMD 
Package Type : DIP 
Temperature : COM 
Total Price : N/A 
Total Size ; N/A 


Max Prop Delay : aes 
Min Frequency F a 
Max Current Usage : os 
User Criteria 1 : et 
User Criteria 2 : wees 


EDIT PARTITIONING 
EDIT DEVICE LIBRARY 


Priority (10 max) 


N/A 
N/A 
N/A 
N/A 
N/A 
10 
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Implementation Selection 


Based onthe selection criteria you entered, PLDesigner 
automatically explores hundreds of combinations of de- 
vices to find the top ten solutions to your design prob- 
lem. When finished, you select the implementation that 
best meets the project needs. If none of the solutions 
seem satisfactory, you can change your selection crite- 
ria and repeat the process until you're satisfied with the 
implementation, without modifying your original design. 


System Name COMBINE EXIT 


Possible Solutions: 


P20RP8 

P20XRP8 
P20RP6, P16R8 
P20RP8, P1LERE 
P20RP10, P16R6 
P20RP4, P16R6 
P20RP6, P16R6 
P20RP8, P16R4 
P20RP10, P16R4 
P20RP4, P16R8 


be 


==> 


ow wor nu fF WND 


f-— 


Possible Devices: 


Attempted : 


By exploring different criteria, you are assured that the 
final implementation you select is the most rigorous so- 
lution to your design problem. 


in this example, the P2ORP8 was selected to provide an 
economical, one device solution. You might select an- 
other solution, based on what you have available in lab 
stock, or what parts are approved for manufacturing. Or 
you could select a larger part to allow an upgrade path 
without changing PC board layout. 


PLDesigner - Partitioning Solution Menu ras 


594 Found : 47 


210ma 40ns $2.89 
180ma 45ns $3.41 
300ma 55ns $4.84 
300ma 55ns $4.84 
300ma 55ns $4.84 
300ma 55ns $4.84 
300ma 55ns $4.84 
300ma 55ns $4.84 
300ma 55ns $4.84 
300ma 55ns $4.84 


Partitioning Completed 


P16R8 P16R6 P16R4 P16L8 P18P8 P2Z0RP6 P2O0RP4 P20RP10 P20RP8 
P22P10 P20R4 P20L8 P20L10 P20R8 P20R6 P22XP10 P20XRP8 P20XRP6 


P2O0XRP4 P20XRP10 P22V10C P22V10R 
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Device Programming 


After you select the final design solution, PLDesigner 
creates the fuse maps (JEDEC, or others) forthe device 
programmer, including the test vectors created by your 
system simulation. PLDesigner will automatically parti- 
tion the device test vectors when partitioning the design. 
No need to write a separate verification routine for each 
device. Then, the document file is updated to show the 
pinouts of the devices to be programmed. 


The following figure shows the pinout documentation for 
the combined arbiter/DRAM controller design. 


Note: Onthe P20RP8, pins 14 and 23 are the only com- 


DOCGEN: COMBINE 


binatorial outputs. PLDesigner recognizes this and as- 
signs these pins to the signals that must be 
combinatorial (the bus grant signals from the bus arbi- 
ter). All the other signals require clocked outputs, so 
PLDesigner assigns them to pins with D flip-flops. The 
“BUS _ARBITER7—S1” and “~S0” signals are state bits 
automatically created by PLDesigner to implement the 
arbiter state machine. These could be used as status 
bits in the design, or ignored as the designer sees fit. 


This design nicely demonstrates the power of PLDesig- 
ner’s architecture mapping, which selects a device with 
the correct mix of registered and combinatorial outputs 
to implement the design. 


PINOUT DIAGRAMS 


Device 1 - P20RP8 0 


SUMMARY 


If you're just starting with PLDs, PLDesigner’s automatic 
device selection and architecture mapping allows you to 
design without a painful learning curve. And, this power- 
ful toolset allows the experienced PLD designer to 
quickly evaluate alternatives in implementation. 


By offering implementation-independent designs, you 
concentrate on the design, not the devices. A wide 
range of input methods actually makes the design pro- 
cess easier, because you are using the entry method 
that best suits the design. And, you can combine por- 
tions of a design to build up an entire PLD system. 


Architecture mapping selects the top ten solutions for a 
design, using the optimal device architecture. This 
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Vec ] 24 
Biput | ] 23 BUS_GRANT A 
Output| ] 22 BUS ARBITER7-S1 
Output} ] 21 BUS _ARBITER7-S0 
Output] ] 20 RAS 
Output] ] 19 CBO 
Output; ] 18 CAS 
Output] ] 17 LDTACK 
Output] ] 16 OE 
Output} ] 15 WE 
Biput | ] 14 BUS_GRANT B 
OE] ] 13 GND 


means you can confidently select the best possible im- 
plementation for your design. Fully automatic partition- 
ing of the design and associated test vectors across 
multiple devices relieves the tedious and time- 
consuming task of manual dividing of circuits. 


PLDesigneris available forthe PC and most workstation 
environments. For more information on MINC design 
systems, contact: 


MINC Incorporated 

6755 Earl Drive 

Colorado Springs, CO 80918 
(719) 590-1155 

FAX (719) 590-7330 


Programming 


cl 





INTRODUCTION 


There are two common situations when a PAL device user wants 
to program parts: 


1. The user has a master device and wants to program the mas- 
ter pattern into new unprogrammed parts from the same or 
from a different manufacturer. 


2. The user has afile that is in JEDEC standard Programmable 
Logic Data Transfer Format and wants to send the file to a 
programmer and program parts to that pattern. 


All approved programmers can accomplish either of these tasks. 
You will have to refer to your programmer manual for detailed 
procedures, but here are some general guidelines: 


Programming with the Use of a Master 
Device 


Suppose you have a master device and you want to program a 
device of the same type with exactly the same pattern. The 
master device can be an MMI or AMD device or another 
manufacturer’s functionally equivalent device. Follow these 
steps: 


1. Setthe programmer to read (or copy) the master device. This 
may require having a hardware adaptor for the master and 
entering a product code unique to the manufacturer and 
device type. 


2. Installthe correct adaptor (if required). Enter the appropriate 
product code information or select the device type from the 
menu. Then place the master device in the correct socket and 
read its fuse pattern into the programmer memory. Use 
whatever operating sequence is required by the programmer 
for this operation. 


3. The pattern is now inthe programmer memory and will remain 
there until the memory is cleared or the programmer power is 
turned off. Changing an adaptor or product code will not erase 
the memory. Usually at the end of a copy operation a 
checksum will be displayed. Make anote of this number. The 
checksum is a calculated hexadecimal code for the pattern 
loaded into memory. It can be very helpful in diagnosing any 
programming problems. If apartis to be re-used frequently as 
a master device it is a good practice to write the checksum on 
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the top of the part. Never proceed with programming without 
checksum agreement after reading a master. 


Error Detection 


As a matter of curiosity take the part out of the socket once and 
read an empty socket. Also read a known blank part (using the 
right adaptor). Checksums from these two situations will be 
helpful! in diagnosing two common problems when programming 
from masters: 


* Forgetting to lock down the socket lever to make good contact 
after loading a part 
¢ Loading an unprogrammed part as a master by mistake. 


4. Now prepare the programmer for the device to be pro- 
grammed with the master pattern loaded into memory. Some 
programmers require different adaptors for different 
manufacturer’s parts. If the programmer being used has this 
requirement, be sure to use the proper adaptor for the exact 
part number to be programmed. Using the wrong adaptor can 
cause permanent damage to the parts. Always check for 
adaptor compatibility. 


5. Everything’s OK. You have the correct adaptor, the right 
device code (or have selected the device from the menu) and 
you wrote down the checksum that you got after loading the 
master. Now put the programmer in the mode used for 
programming from its memory and execute the programming 
operation. 


There is some variation in the sequence of events carried out by 
different programmers during the programming cycle, but all of 
them program and verify the appropriate fuses to match the 
pattern in the programmer memory. Such operations as Blank 
Checks, Illegal Bit Checks, Test Vector Testing, and Security Fuse 
Programming canbe apart of the programming sequence. Check 
the programmer manufacturer’s manual for the availability and 
appropriate use of these features. 


The essential part of the programming cycle is the programming 
and verification of each fuse followed by a verification of all fuses 
at both low and high Vcc. At the very end of the programming 
sequence you will see the checksum for the part you have just 
programmed. This checksum should agree with the master part 
checksum. You now have a programmed part that is functionally 
identical to the master. 


ra 
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Programming 


Programming From a JEDEC File 


AJEDEC standard file is the output of design software packages 
used to specify programming pattern information to a program- 
mer. All approved programmers will accept JEDEC files. A 
JEDEC file is normally generated on a computer by PLD design 
software. The unique aspect of programming from a JEDEC file 
is the transfer of the file to the programmer. After the file has been 
transferred into the programmer, the programming task is identi- 
cal to programming from a master with one exception. The 
exception is that design software may be used to prepare test 
vectors to be applied to a device immediately following the 
programming cycle. These vectors will be transmitted with the 
JEDEC fuse file and they have a JEDEC standard format of their 
own. 


General guidelines for transfer of aJEDEC file and programming 
are as follows: 


{. Make sure your file is in the standard JEDEC format. This will 
not be aproblem if you are using software for file preparation 
that adheres to this standard. 


2. Connect the JEDEC file source to the programmer with an 
RS232 cable. The programmer manual will describe the con- 
nection details. 


3. Preparethe programmer for receiving aJEDEC file over alink. 
This will generally involve entering the product code informa- 
tion and putting the programmer in a ready-to-receive mode. 


4. Transmit the file from the computer source using commer- 
cially available communications software or operating system 
commands. 


5. After transmission a checksum should appear on the pro- 
grammer display. Part of the JEDEC standard file is a 
checksum. If the displayed checksum is the same as the 
JEDEC file generated checksum transmission has been 
successful. 


6. Program a PAL device by first installing the correct adaptor 
(if needed) and then entering the programming mode. Finally 
put a part in the socket and execute the programming 
operation. 


Register Preload 


Register preload is an aid to functional testing of registered PAL 
devices. Functional testing is usually performed after a device is 
programmed but before it is installed on the circuit board. Func- 
tional testing exercises the functional logic circuitry of a device 
that is not fully testable prior to programming, providing a higher 
final quality level for programmable products. For a more thor- 
ough discussion of functional testing and related quality issues 
see the ProPAL and HAL Devices section. 


Using register preload, the registers of a device can be “pre- 
loaded” to any desired state value. The ability to set the registers 
to any arbitrary value is extremely useful fortesting state machine 
designs where the output is fed back into the array as an input. It 
lets the user check for deadlock loops and proper recovery from 
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illegal states. It also simplifies testing state transitions of states 
which may be difficult to reach through normal state transitions. 


Consider the example of the 6-state counter illustrated inthe state 
machine diagram of Figure 1. 


@) 
ee 
0-0 @ 


OQ. © 
“a 


Figure 1. 
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States 6 and 7 are illegal states, both transitioning to state 4. If 
the registers of the device are not preloadable, it is difficult to 
check for recovery from these states since they cannot be 
reached through normal state transitions. If register preload is 
available, however, it is a simple matter to write a set of vectors 
that sets the device to the illegal state and then clocks it and 
checks proper recovery. 


If the device powers up in state 1 and you want to test the 
transition from state 0 — 1, the only way to check that transition 
is to write a series of vectors that cycle the device through the 
state sequence starting at state 1, until the desired state, state 0, 
is reached. With register preload, reaching state 0 is simply a 
matter of writing a vector that sets the device to that state. 


In general, register preload simplifies the task of writing test 
vectors for functional testing, and is especially helpful in testing 
the conditions described in this discussion. However, test vectors 
written utilizing register preload can provide only a limited amount 
of functional coverage. Full coverage can only be achieved when 
the vectors used to test the device simulate actual operating 
conditions, and preload is not a normal operating condition. 


Programmer Support 


Not all programmers support register preload. The programmer 
guide lists the programmers that do support this feature. For 
more specific information regarding your programmer, contact 
the manufacturer. 


Choosing the Right Programmer 


Advanced Micro Devices has evaluated and approved several 
PAL device programmers, and choosing among them is not 
simple. You must consider many factors. Does the programmer 
handle all of the devices you will be using? Does it program PAL 
devices, sequencers, and PROMs? Does it program TTL, 
EPROM CMOS, EEPROM CMOS, and ECL technology prod- 
ucts? How easily is it upgraded for future devices? Does it have 
provisions for test vectors, accepting JEDEC files, or a handler 
interface? And what about cost? 


Programming 


=e Adams 
MacDonald Data I/O 
Programmer 
Features 
Price V. Low | Low 


Standalone 


Test Vectors 


Preload 


Fingerprint 


Fast Program 


1 Pulse Prog 





Updates PROM | Disk 
Despite these variations in features, today’s programmers fall 
into two broad categories, PC-based programmers and standa- 
lone programmers. PC-based programmers consist of a board 
(that plugs into a PC) and an external box with socket(s) for the 
device being programmed. The plug-in board contains the 
“intelligence” of the programmer, and, as the name implies, 
these programmers require a PC for use. Standalone program- 
mers can perform all programming operations without aPC. PC- 
based programmers are usually lower cost and lower perform- 
ance design and development tools that support a limited number 
of devices and have limited capabilities. Standalone program- 
mers offer higher performance (e.g., faster programming), and 
are oriented to the production environment. 


The chart above lists programmer features, as well as current 
support for some of the newer part types. This information should 
help you decide on the best programmer for your needs. 


Approved Programmers 


Advanced Micro Devices PAL devices are manufactured under 
strict processing procedures to provide our PAL device users with 
the highest-quality PAL devices available. We take the same 
approach in our programmer vendor approval process, and 
recommend that you choose an approved programmer for your 
PAL device programming needs. 


The Benefits of Using Approved Programmers 


When you choose an approved programmer you gain all the 
benefits of our thorough vendor evaluation. You can feel confi- 
dent investing in equipment that will give you consistently reliable 
results and will be able to support current and future generations 
of programmable logic devices. When you select an approved 
programmer you get many benefits: 


PROM | PROM | Pack 


Logical 
Digelec Devices | Micropross 


jLabPro | P11 | Sprints | usao__| meow |m2e | 860 | EPP-80 | ALLPRO|3000__| 5000 | PPZ_ 





PROM | Disk 


Your programmed product is backed by our corporate 
warranty. 

New features and algorithm updates are quickly imple- 
mented. 

Any new programmer software and hardware releases are 
factory evaluated and approved before release. 

Your equipment will have a long “technical lifetime.” 
Through our sales force and Field Applications Engineers 
you have a factory interface with the programmer vendors to 
deal with any issues or concerns that might arise. 


The Approval Process 


The Programmability Group at Advanced Micro Devices works 
closely with our programmer vendors to ensure that high-quality 
programming and testing support is available to all users of our 
PLDs. 


To gain approval a programmer must pass a rigorous series of 
tests which include: 


Conformity to programming specifications. 

Devices programmed must pass all reliability tests. This 
reliability testing is performed by Advanced Micro Devices as 
part of the evaluation. 

Programmer must meet programming yield requirements for 
both array and security fuse programming. 

¢ Programmer must be able to support JEDEC format files 
and communication standards. 


Programmer vendors are encouraged to support structured test 
vector testing and preload capability, pin continuity and pre- 
programming security fuse checking. 
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New Product Support 


Approved programmers must also provide timely support for new 
products and programming algorithm updates and revisions. 
This ensures PAL device users that no matter which approved 
programmer they choose, they can feel confident that it will 
support the latest and greatest PLDs we have to offer. 


Additionally, we work closely with our approved vendors in the 
development of their new programmers and our new PLDs. This 
means that their new products will be able to support our future 
PLD offerings. 

A Broad Range of Programmers 


We work with a broad range of programmer vendors, so you can 
find a programmer to suit your engineering needs as well as your 
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budget. Approved programmers cover the range from economi- 
cal engineering/design prototyping tools to high-volume produc- 
tion units. We have a worldwide programmer vendor base, so 
programming support is available no matter where you use PAL 
devices. Approved programmers are available from American, 
British, French, German and Japanese vendors. 


Our quality and reliability guarantees are made for products 
programmed with approved programmers only. Use of unap- 
proved programmers voids our corporate warranty and may 
result in poor manufacturing yields and product performance. 
The Programmer Reference Guide is a valuable tool. The infor- 
mation it contains can help you obtain consistent, reliable high- 
quality programming results with your PLDs. 


LabPro™ Programmer 


The Complete and Affordable 
Programmable Logic System 








Advanced programmable logic development tools have 
just become affordable. Advanced Micro Devices, the 
programmable logic leader, is proud to announce the 
LabPro Programmable Logic Development System. 
Dedicated to Advanced Micro Devices programmable 
logic devices, it is THE complete, easy-to-use develop- 
ment system, at a very affordable price. 


The LabPro system is the programmable logic develop- 
ment system of the future as well as the present. 
Developed in conjunction with Digelec, Inc., it supports 
Advanced Micro Devices PLDs — in CMOS, ECL, and 
TTL technologies — from our state-the-art sequencers 
to our industry standard 24- and 20-pin architecture 
products, and is designed to be easily updatable for 
support of our future PLD offerings. 


A COMPLETE DESIGN AND 
PROGRAMMING SYSTEM 


The LabPro system is accompanied by PALASM® 


Software. Together, they let you go from a logic design 
idea to a final programmed and tested PLD. 
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PALASM software supports all Advanced Micro De- 
vices PAL® devices. It accepts all logic design inputs in 


a variety of logic entry formats. Once your design has 


been assembled, you can simply transfer your design 
file to the LabPro system. 


Easy to Use 


The LabPro system can be used in the stand-alone 
mode or with any PC or PC-compatible system utilizing 
LOGILINK™ software from Digelec. 


When used in the stand-alone mode, the LabPro 
system’s 2-line by 16-character alphanumeric LCD 
display guides the user through all of the operating 
functions with clear and easy-to-follow instructions. 


The four most frequently used functions — PROGRAM, 
VERIFY, READ and TYPE — can be directly accessed 
with a single key. The scroll up/down feature allows 
easy access to all other LabPro system functions. 


yyy 
UW[pwyy 
YY 





LabPro Programmer 





The on-board HELP function provides simple, immedi- 
ate assistance during operation, minimizing the need to 
refer to the user's manual. 


The SETUP function lets you set your own programmer 
setup values, which are stored in non-volatile memory. 


Easy Programming 


One keystroke programming makes programming a 
breeze. If you’re operating the LabPro system in the 
remote mode, LOGILINK software provides a straight- 
forward menu-driven operating mode. 


The LabPro system can interface with any computer via 
its RS-232C serial port, and accepts data in both 
standard JEDEC and HEX formats. 


Easy Logic Testing 


The LabPro system performs a full range of tests before, 
during and after programming to ensure quality pro- 
gramming. 


The built-in test (BIT) automatically checks the program- 
mer when it is powered up. The continuity test checks to 
ensure that the device being programmed is correctly 
inserted into the programming socket. After program- 
ming, the array verify test automatically performs a 
fuse-by-fuse Comparison check of the programmed 
device to ensure the correct pattern has been pro- 
grammed. The functional testing option provides you 
with structured vector testing capability for up to 2500 
test vectors. The LabPro system also supports register 
preload for preloadable devices. 


Specifications 


RS-232C Serial Port 

Baud rate: 50—19,200 

Parity: None/Odd/Even 

Bits: 5, 6, 7, 8 

Handshake: XON/XOFF, DSR 
Format: JEDEC, HEX 


RAM 
Standard: 64K bytes 
Optional: 256K bytes 


Device Testing 

Blank/illegal Bit Check, Misplaced/Reversed, Current 
Overload, Continuity, Checksum, Vector Test (up to 
2500), Preload, Array Verify 


Device Packages Supported 
20-, 24-, and 28-pin DIPs 


FUNCTIONS 

Device 

Program, Verify, Read, Type, Blank/Illegal Bit Check, 
Checksum, Security Fuse, Test Vectors 


Easy to Update 


Take advantage of the LabPro System's innovative 
SOFTPACK™ algorithm update feature. When it’s time 
for an update, simply remove the SOFTPACK cartridge 
from its slot at the rear of the programmer, replace it with 
the new one and you’re ready to program the latest 
devices from Advanced Micro Devices. 


Easy to Afford 


All of this at a fraction of what you would expect to pay for 
a complete development system — at a price that’s very 
easy on your budget! 


Don’t Settie for Less! 


The LabPro system offers a complete solution to your 
PLD programming needs. The LabPro system is 
compact, easy-to-use, and versatile. Get the LabPro 
system from Advanced Micro Devices and get support 
for the broadest line of PLDs available, from Advanced 
Micro Devices — the market leader. 


Upwardly Mobile 


Should you want to expand your programming capabili- 
ties to include other PLD manufacturers, the LabPro 
system is easily upgradable to a full Digelec Model 860. 
The Model 860 supports PLDs from a wide range of 
manufacturers. Contact your Digelec representative for 
more information. 


Edit 
JEDEC Fuses 
Test Vectors 


Communication 
Transmit 
Receive 


Bit 
Built-in Test 


Help 
On-Board Help Menu 


General 

Dimensions (W x H x D): 

37x 11.5x 28cm 

14.6x 45x11 in 

Weight: Net 4.3 kg (9.5 Ib) 
Shipping: 5.5 kg (12.1 Ib) 
Power: 110/220 VAC, 50/60 Hz 
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AmPGA081 


Configuration PROM Programmer 





DISTINCTIVE CHARACTERISTICS 





@ Allows uploading, downloading, and saving of m™ Connects to serial port of IBM” PC-XT™, 
PROM files PC-AT™ or compatible 
m Can program and verify patterns m™ Operates from PC via menu-driven software 
Programs AMD and Xilinx™ Serial provided with the programming unit 
Configuration PROMs m™ Accepts data files in any of the three 
T™ 
™ Programs 36K and 65K Serial Configuration XACT "-supported formats, MCS86, Tekhex 
and ExorMax 
PROMs 
GENERAL DESCRIPTION 
The AmMPGA081 Configuration PROM Programmer is be installed on a system other than that used for design 
designed to support the Am1736 and Am1765 Serial development, such as one in a manufacturing area. 


: : : ® 
Configuration PROMs, (SCPs) 8-pin SKINNYDIP Designers compile their Logic Cell™ Array designs into 


PROMsusedto configure programmable gate arrays. In a standard PROM format usin : 
es g the XACT Design Sys 
addition, the AmPGA081 can also program the XC1736_ tem, The software provided with the AMPGA081 is then 


device from Xilinx Corporation. used to download the PROM file into the programming 


PC-based software, is connected to the serial port of an ed to the PC. SCPs already programmed can be veri- 


IBM PC-XT, PC-AT, or compatible. The AmPGA081 fied, by comparing the device to a PROM file in RAM. 





ORDERING INFORMATION 
Further information is available from your local AMD sales office, authorized representative, or franchised distributor. 


AmPGA081 Configuration PROM Programmer 
includes programming unit, power transformer, software and serial cable. 













Xilinx, Logic Cell, and XACT are trademarks of the Xilinx Corporation. Publication # 12527 
PC—XT, AT are trademarks and IBM 5s a registered trademark of International Business Machines Corporation. 


SKINNYDIP is a registered trademark of Advanced Micro Devices Inc. 


Rev. A Amendment /0 


Issue Date: August 1989 


6-55 


Programmer Reference Guide 





Advanced Micro Devices, Inc. 
901 Thompson Place 

Sunnyvale, CA 94088-3453 

(800) 222-9323 or (408) 732-2400 
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14097 OA /0 1/90 


PAL16R8D/B 
6-56 
























PAL16R8/B-2/B-4/A/A-2/A-4 | 
PALC16R8Z 
*PALC16R8Q 
*AmMPAL16R8 
















LabPro™ Programmer 


Archi- 
tecture | Part Number 


LabPro 
Revision 


16RA8 | PAL16RA8 | ALO 


| PALCE16V8H/Q 
16V8 as 10H8 

| 16V8 as 10L8 
16V8 as 12H6 
16V8 as 12L6 
16V8 as 14H4 


16V8 


16V8 as 14L4 
16V8 as 16H2 
16V8 as 16L2 
16V8 as 16L8 
16V8 as 16R4 
16V8 as 16R6 
16V8 as 16R8 


16X4__ | *PAL16X4 


8L4 | *PAL18L4 


8U8 | *PALC18U8 [| Ant | 
20C1__|*PAL20C1 


20L2 |*PAL20L2 | ALO | 
20L8 | PAL20L8-7(-12Mil) 
PAL20L8-10(-15Mil)/B-2 
PAL20L8B/A/A-2 
PALC20L8Z 


PAL20L10A 
AmPAL20L10 
*PAL20L10 


PAL20R4-7(-12Mil) 
PAL20R4-10(-15Mil)/B-2 
PAL20R4B/A/A-2 
PALC20R4Z 


PAL20R6-7(-12Mil) 
PAL20R6-10(-15Mil)/B-2 
PAL20R6B/A/A-2 
PALC20R6Z 
PAL20R8-7(-12Mil) 
PAL20R8-10(-15Mil)/B-2 
PAL20R8B/A/A-2 
PALC20R8Z | 


20RA10| PAL20RA10 
PAL20RA10-20 
___|*PALCE20RA10Z 
20RS4_|*PAL20RS4 } 


/20RS8 | *PAL20RS8 





een, 


ok 


20L10 


20R4 
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Advanced Micro Devices, Inc. 
Archi- | LabPro 
tecture | Part Number Revision 


| PALCE20V8H 
20V8 as 14L8 
20V8 as 16L6 
20V8 as 18L4 
20V8 as 20L2 
20V8 as 20L8 
20V8 as 20R4 
20V8 as 20R6 
20V8 as 20R8 


20X8 | PAL20X8A 
| *PAL20X8 
20X10 | PAL20X10A 
*PAL20X10 
22P10_ | *AmPAL22P10 


22V10 | PAL22V10, AMPAL22V10 
*PALC22V10 





Notes: 

*“Not recommended for new designs — contact AMD for replacement device information. 
(-XXMil) = Military suffix. 

if part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 





6-57 


Programmer Reference Guide 


Adams MacDonald Enterprises P3 Programmer 
800 Airport Road Pi1 Programmer 
Monterey, CA 93940 SprintPlus Programmer 
(408) 373-3607 
Sas eens a 
tecture |PartNumber | | P3 | P11 | SprintPius| 
126 | *PALia6 8. | 09 | 82 
jiaia |*PALi4ig 8.0109 | 8 
(148 |*PALi4is 8. | 09 | 
|4eCc1_|*PaLieci Ss 8.0 09 | 2 
[16Hs_|*AmPALI6H8 Tt | 09 | 8 
[16.2 _|*Patiel2 8.0 | 09 | 
16L8 PAL16L8H-15/D/B 3.0 | 





PAL16L8/B-2/B-4/A/A-2/A-4 


















PALC16L8Z 
*PALC16L8Q —— 
*AMPAL16L8 | 3.1 
16LD8 | *AmPAL16LD8 
16P8 | PAL16P8A | 
PAL16R4H-15 


PAL16R4D/B 
PAL16R4/B-2/B-4/A/A-2/A-4 


PALC16R4Z 
*PALC16R4Q 
*“AmPAL16R4 


PAL16R6H-15 

PAL16R6D/B 

PAL16R6/B-2/B-4/A/A-2/A-4 

PALC16R6Z 
*PALC16R6Q 





16R6 


Doo|u 









*AMPAL16R6 34 
16R8 PAL16R8H-15 3.0 

PAL16R8D/B 3.0 

PAL16R8/B-2/B-4/A/A-2/A-4 3.0 

PALC16R8Z = 

*PALC16R8Q — | 

*AmPAL16R8 | ae {3.21 | 
TeRAG | PALTERAS ——~S~=~dt~C |. | 3a 
16RP4 
TeRPG | PALTERPGA__—=«t~_ 3.0] 1.09 | 3.21 _ 
TeRPS | PALTERPGA___—_——+it_3.0 | 4.09 | 3.21 
rrePa_| AmpaLtepe———=«dt~—st | 4.09 | 3.2) 
risus [*Pacraus_————S~SSCSC*dY | 2.0 | 3a 
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Adams MacDonald Enterprises 


Archi- | Revision 
tecture | Part Number | P3 | P11 [Sp 


20ci_|*patzoci ss | 3.009 | 3 
2ore_|*pat2o.2 | 8.0.09 | 3.2 


20L8 PAL20L8-10(-15Mil)/B-2 3.0 2.0 3.21 
PAL20L8B/A/A-2 3.0 2.0 3.2 
PALC20L8Z — | 1.09 3.21 

20L10 | PAL20L10A 3.0 1.09 3.21 

| | AmPAL20L10 ae ee 
*PAL20L10 3.0 1.09 3.21 

20R4 | PAL20R4-10(-15Mil)/B-2 3.0 2.0 3.21 
PAL20R4B/A/A-2 3.0 2.0 3.21 
PALC20R4Z eS ee 3.21 

20R6 | PAL20R6-10(-15Mil)/B-2 3.0 2.0 3.2 
PAL20R6B/A/A-2 3.0 2.0 3.21 
PALC20R6Z_ —- | 1.09 3.21 

20R8 | PAL20R8-10(-15Mil) 3.0 2.0 3.2 
PAL20R8B/B-2/A/A-2 3.0 20 | 3.2! 
PALC20R8Z a-, “4.09 3.2 

20RA10| PAL20RA10-20 3.0 1.09 3.21 
PAL20RA10 | 3.0 1.09 3.21 | 

20RS4 | *PAL20RS4 


1.0 
F108] 
20RS10| *PAL2ORS10 | 1.09 













a 
ie 















20S10 | “PAL20S10 


| 3 
20X4 PAL20X4A 3.0 1.09 3.21 
| *“PAL20X4 3.0 | 1.09 3.2| 
3.0 
3.0 
3.0 






20X8 | PAL20X8A | 1.09 3.21 
*PAL20X8 1.09 3.21 

20X10 | PAL20X10A 1.09 
*PAL20X10 1.09 


3.2l 





22V/10 3.1 1.09 3.21 
*PALC22V10 Oo | 3.21 
|32VX10] PAL32vxi0 | | 8 
folie | *PALELIGA— CsC*dE:C | | 
}8L14_ | *PALSLI4A CE | CO 
ie ed 
*Am29LPL141 ae 3.21 
rarer [usin SiC | 20 | sd 


Notes: 

* Not recommended for new designs — contact AMD for replacement device information. 
(-XXMil) = Military suffix. 

lf part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 


20 [321 
Pe | Palen ae ie 
rasss—[-ampatzass | — 20] aa] 
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Data I/O Corporation UniSite™ 40 Programmer 
10525 Willows Road N.E. Model 60 Programmer 

P.O. Box 97046 Model 29A/B Programmers 
Redmond, WA 98073-9746 LogicPak™ 303A-V04 


idle ) 247-5700 or ee 881-6444 


Archi- 
tecture | Part Number 


Revision 


| Model 29A, 29B 
__LogicPak 303A-V04 
UniSite 40 | Model 60 DIP PLCC 


pip (Pies | op Pee 303A-011A | 303A-011B 








[10H8_ | *PALioHs | 2-18 [1:54] 15 | vos | vi2 | vor | vos 
‘iors |*pauios sf 2-3 54] 15 | vos | vi2 | vor | vor | 
Have | paurane ___tazto {i541 18 {vos {vie | _vot___{ va 
|_V0s vot 

vor 

CTR ie ee SE a ee 
fiect_ |*Patiecr sf 2-2 1.54] 15 | vos | vi2 | vor | vos 
jieH2_|*PALieH2 st 22-22 [1.54] 15 | vos | vi2 | vor | vo3__ 
ee ee ten ee 
rreio8_[-ampAttenoe fF ar-as_ P13 || vio vos woe] 
jtel2_|*Paltel2 dt 22-16 11:54] 15 | vos | vi2 | vor | vor 
tes _[raLie.e —__j2e0s 1154/23 | vos [viz | vo1__f vor 





16L8 PAL16L8-7(-12Mil) 
PAL16L8H-15/D/B 
PAL16L8B-2/B-4/A/A-2/A-4 
PALC16L8Z 


*PALC16L8Q 





















*AmPAL16L8 
16LD8 | *AmPAL16LD8_ 







16R4 PAL16R4-7(-12Mil) 
PAL16R4H-15 


PAL16R4D/B 







=m 
os 
















PALC16R4Z 
*PALC16R4Q 

















*AMPAL16R4 2.4 

16R6 | PAL16R6-7(-12Mil) 2.5 
PAL16R6H-15 V13 
PAL16R6D/B 2 V13 
1 vi2 





| | as 


PALC16R6Z 
*PALC16R6Q 
*AmMPAL16R6 


PAL16R8-7(-12Mil) 
PAL16R8H-15 
PAL16R8D/B 













N }M 
on fo 


16R8 







“= PO 





PALC16R8Z 
*PALC16R8Q 
| a 6R8 


Tranae [ patienas —xe-ar Jasal-as [vos [vie [vor [vor 
jierP4 | pALienP4A 22-31 [1.54] 15 | vos | vie [| vor | vor | 
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Model 29A, 29B 
. LogicPak 303A-V04 
UniSite 40 | Model 60 DIP PLCC 


Data I/O Corporation 





Archli- 
tecture | Part Number | DIP |PLCC | DIP { PLCC | 303A-011A | 303A-011B 
|16RP6 | PALIGRPGA | 22-31 11.541 1.5 | vos | vi2 | vor | vor 


16V8 PALCE16V8H/Q 
| | 16V8 as 16L8 
16V8 as 16R4 
16V8 as 16R6 
16V8 as 16R8 


cS TS aS 
CoM aa CO TET Rae ee 
jiapa_ | AmPALisPa_ | 97-20 [13 | 15 | vos | vi2 | vor | vo2 
jigus_[*PALCisus | B-2E | 2.2 | — [vida] — | vos | V04 


20EG8 | PALI10OH20EG8 22-60 | 271 2.7 | | 
PAL10020EG8 22-6E | 2.7 | 2.7 

20EV8 | PAL10H20EV8 [22-68 | 2.7 | 2.7 
PAL10020EV8 22-6D | 2.7 | 2.7 




























*PAL10H20G8__ areas | — | 303A-ECL oo, 
*PAL20L2 | 22-05 1S4f 15 4 vob vie | volt vor 
20L8 | PAL20L8-7(-12Mil) 
PAL20L8-10(-15Mil)/B-2 7 | vos | vi2 vot vot 
PAL20L8B/A/A-2 : 54) 24 | vos | vi2 v01 V03 
PALC20L8Z -26_|1. V10 V06 v03 
20L10 | PAL20L10A 22-06 [154] 1.5 | VO5 v09 v01 
AmPAL20L10 97-06 | 2.0 | — | vio }| — V03 v04 
*PAL20L10 22-06 |1.54| 1.5 | vo5 | vi2 v09 v01 
20P8_| *PAL10H20P8 [ease feo ff | —— | 303A-ECL ___—— 
20R4 | PAL20R4-7(-12Mil) 
PAL20R4-10(-15Mil)/B-2 vio | viz vo4 vo2 
PAL20R4B/A/A-2 vos | vi2 vor V03 
PALC20R4Z V10 V06 V03 
20R6 | PAL20R6-7(-12Mil) ga 
PAL20R6-10(-15Mil)/B-2 vio} vi2 vo4 v02 
PAL20R6B/A/A-2 vos | vi2 v01 V03 
PALC20R6Z V10 v06 V03 
20R8 | PAL20R8-7(-12Mil) see 
PAL20R8-10(-15Mil)/B-2 : 7 | vio} vie vo4 vo2 
PAL20R8B/A/A-2 2 ; 5 | vos | vi2 v01 V03 
PALC20R8Z -27 |. v10 V06 v03 
20RA10| PAL20RA10-20 22-45 |1.54| 23 | vo5| vi12 v08 
PAL20RA10 22-45 Be 1.5 | VOS | vi2 vo9 
*PALCE20RA10Z DE-45 a 
*PAL20RS4 feaas [rset a0 {vos [via 
20RS8_| *PAL20RS8 ee ee 
20RS10| *PAL20RS10_ | 22-44 1454] 2.0 | vos| vi2 | vor | vor | 
20S10_| *PAL20S10 22-43 [154/15 [| vos| vie [vor | vor | 
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Data I/O Corporation 





CL 
LogicPak 303A-VO4 
Archi- icine an 40 —_—, 60 DIP Raee aan 


tecture | Part Number DIP [PLCC | DIP | PLCC] 303A-011A cores 


20V8 PALCE20V8H - : 
PAL20V8 as 20L8 - . 
PAL20V8 as 20R4 ; 
PAL20V8 as 20R6 
PAL20V8 as 20R8 


20X4 PAL20X4A | 22-36 | 1 a wal V05 } Vi2 vog V04 
*PAL20X4 | 22-23 [1.54] 1.7 V0O5 | V12 V09 V04 
20X8 PAL20X8A 22-36 | 1.54] 1.7 VO5 } V12 V09 V04 
*PAL20X8 22-23 11.54] 1.7 V0O5:{; V12 V09 V04 
20X10 | PAL20X10A 22-36 | 1.54] 1.7 VO5 } V12 V09 V04 
*PAL20X10 22- mae 1.54 | 1.7 V05 =a —= aoe 











| 22-6A | 3.0 | — | — | 
ari [ara ———Lwras ao {= Te = [vs 
PALCE22V10 | 80-28 | 
*PALC22V10 DB- rs Ee 
2388 _| | 97-84 | vit | 
pera [eacaere ———Tesefes{—T f=} va 
60-48 | 25 |— | vio| —| vos [| — 
60-4c | 24 |— |vio| —| vox | — 
PAL32VX10 a ee vor 
ee ee eee) ee 
[eli4 | *PALSL14A | 22-49 [154] 23 | vos | vi2| vor | __—vor 
; rpisi0s ees a2 Lae Lat Lvov 
Se $e teste 
(168 | pistes | A744 [22 | — [vir —J[ vos [vos 
(30si6 | PLS30Si6 ~— Cd AQ | 26 | — | —[| —| — [| — | 
eam, [See (3 [= [=| = Ree 
*“Am29LPL141 97-79 1.5 303A-FPC-V01 
(142 |*Am2gpLi42_— sf 97-76 | 2.0 | — | — | — |303a-FPC-vo2]  — 
[151 | Am2gcPLi51_— st 4-70 | — | — | —[ —|[ vos [| — | 
es angechtes __ are 4 vig 
(14R21 |*pmMSi4R21— ss 22-58 | 4 | — | — | — | vio | vos 
roo71 | amao7t ——~S~=édr eve ass] —- | —-| —| | — 
}1736_ | Ami736 Cd t27-EE] 26 | — | —[ —] — | — 
Notes: 


* Not recommended for new designs — contact AMD for replacement device information. 
(-XXMil) = Military suffix. 

lf part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 


PLCC support is for standard pinout in data sheet. For non-standard pinouts or other packages, contact Data I/O Corpora- 
tion or AMD. 
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Digelec, Inc. System UP 803 
22736 Vanowen Street Model 860 
Canoga Park, CA 91307 

(800) 367-8750 or (818) 887-3755 


| = Ss System UP 803) 
oe PoE | see [| we 
our ane Number FAM 52 Adapter Model! 860 


'40H8 =|*PAL1OH8S =i (aia ess | AL2 | 

POR 6 ARAL ae | ON A ae 
12H PALi2He Cd | ASS | A | OAL 
CEC OT a a Te 
eae eae _______}___4__}_Daps_| 88 1—At2 
ee 


1 a PAL16L8H-15/D/B 
PAL16L8/B-2/B-4/A/A-2/A-4 





*PALCI16L8Q 

*AMPAL16L8 
1808 *AmPAL16LD8 ss DA 53 
PAL16P8A DA 53 





oR PAL16R4H-15 
PAL16R4D/B 
PAL16R4/B-2/B-4/A/A-2/A-4 
*PALC16R4Q 


*AmMPAL16R4 


PAL16R6H-15 
PAL16R6D/B 

PAL16R6/B-2/B-4/A/A-2/A-4 
*“PALC16R6Q 
*“AmPAL16R6 

















16R6 
















16R8 | PAL16R8H-15 

PAL16R8D/B 

PAL 16R8/B-2/B-4/A/A-2/A-4 

*PALC16R8Q 

| “AmPAL16R8 
116RA8 | PALiGRA8 DA53 
|16RP4 | PALIGRP4A DA53 
|16RP6 | PAL16RP6A DA53 
6RP8 | PALI6RP8A _DA5S _ 
eve _| PALCE16VaH/Q ee 
16X4__| *PAL16X4_ —— DA 53 3 
18L4_[*PAL18L4 DAS5S 
18P8_|_AmPAL18P8 DA 55 
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Digelec, Inc. 
| Revision __ _ 
System UP 803_ | | 
Archi- Logic Center Cece dl pia | 
tecture | Part Number _ , | FAM 52 |_ Adapter Rev. Model 860 | 
20G8__|*PAL10H20G8_ DA6O_| Ai | — | 
f20L2 _|*PAL20L2___ P54 | ASS | C4 
20L8 | PAL20L8-10(-15Mil)/B-2 5.4 DA 55 C-1 A1.2 
PAL20L8B/A/A-2 5.4 DA 55 C-1 Ai.2 
| PALC20L8Z _ | 54 | DAS5S5 C-1 |  A12 
20L10 PAL20L10A 5.4 | DA55 C-1 A1.2 
AmPAL20L10 5.5 DA 53 A-3 A1.2 
| *PAL20L10 5.4 DA 55 C-1 | A12 
20P8__|*PAL10H20P8 paso _ | A1 | — | 
20R4 | PAL20R4-10(-15Mil)/B-2 5.4 DA 55 C1] At12 
PAL20R4B/A/A-2 5.4 DA 55 C-1 A1.2 
| | PALC20R4Z_ | 54 | DA55 C-1 A1.2 
20R6 | PAL20R6-10(-15Mil)/B-2 5.4 DA 55 C-1 A1.2 
PAL20R6B/A/A-2 5.4 DA55 | C-1 | A1.2 
-PALC20R6Z__ | | 5.4 DA55 C-1 | A12 
20R8 PAL20R8-10(-15Mil)/B-2 5.4 DA 55 C-1 A1.2 
PAL20R8B/A/A-2 5.4 | DA55 C-1 Ai.2 | 
PALC20R8Z | 5.4 DA5S | C-1 A1.2 
20RA10| PAL20RA10 5.4 | DA55 C-1 A1.2 
PAL20RA10-20 «5b A | DA5S | C-1 | A12. 
20RS4_|*PAL20RS4 | 64 | CASS 
20RS8_["PALZORSE pass | c1 | Al2 
20RS10|"PAL20RS10____ | DA 55 
20810 |*PAL20S10___ _ | 54 | _DAS5S 
20X4 PAL20X4A | 5.4 DA 55 -j Ai.2 
-1 A1.2 


: A1.2 
A1.2 


A1.2 
A1.2 | 


A1.2 | 


eefee 


20X8 | PAL20X8A | | DA55 
*PAL20X8 | ot 54 DA55_| 
20X10 | PAL20X10A 5.4 DA 55 

*PAL20X10 | 54 | DA55 


22P10_|*AmPAL22P10 


29 


on 
On 
O 
: 
OT 
W 
z 


O 
F 
| on 

on 

| 2 
do |oo 


*PAL20X4 5.4 | DA55 


| *“PALC22V10 | : = , A1.2 
[32Vvx10| PAL32vxi0_ | AL ASS | OCH A1.2 
jolie |*PALeLIGA CLC | DAC? | — | AZ 
654 | pase | — | A2 | 
141 [*ameoPi14t CE CT | 
Notes: 


* Not recommended for new designs — contact AMD for replacement device information. 

(-XXMil) = Military suffix. 

If part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 

PLCC support is for standard pinout in data sheet. For non-standard pinouts or other packages, contact Digelec or AMD. 
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Kontron Electronics System MPP 80S 
630 Clyde Ave. System EPP-80 
Mountain View, CA 94039-7230 














(800) 227-8834 or (415) 965-7020 

| Revision 

System MPP 60S  sysem epea0 

Archi- Module MOD 21 System EPP-80 
tecture | Part Number Adapter Module UPM-B 
[ioe |*PALIOL8 SAT 
142H6 _|*PAL12H6 
1216 
1.44 
tect |*PALiec1 — CL SAT 
i6Hs|*AmPALIGHB CL SAT 
fwel2_|*PALIL2 | SAT 
PAL16L8H-15/D/B 1.44 
| PAL16L8/B-2/B-4/A/A-2/A-4 SA-27 1.44 
: *AmMPAL16L8 SA-27 1.45 
f1ep8_| PALIGPBA Ed 






16R4 | PAL16R4H-15 
PAL16R4D/B 
PAL16R4/B-2/B-4/A/A-2/A-4 


*AmPAL16R4 


PAL16R6H-15 
PAL16R6D/B 

PAL16R6/B-2/B-4/A/A-2/A-4 
*AMPAL16R6 


PAL16R8H-15 
PAL16R8D/B 
PAL16R8/B-2/B-4/A/A-2/A-4 
*“AMPAL16R8 













16R6 














16R8 










eRAs | PALIORAS | 
H6RP4 | PALIGRP4AA | CO 
46x4__[*PALIOX4, TSAR 
j1ei4 |*PALigL4d — CidTC SAT OL 
figpa_ | AmPALI8P8_ | CCT 
f2oci_ |*PAL2oci, | SAT 
f2oL2_|*PAL2oL2— ae —“(tsséidrL:C“(< SANT 
PAL20L8-10(-15Mil)/B-2 | SA-27-1 1.44 | 

PAL20L8B/A/A-2 SA-27-1 1.44 

| PALC20L8Z ae ee 2.00 
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‘Kontron Electronics 


| ORevision 
System MPP 80S 
Archi- Module MOD 21 System EPP-80 
tecture | Part Number Adapter _ Module UPM-B 








20L1 20.10 PAOLA OA SA-27-1 a A4 
ee 0 SA-27-1 a ae A4 
20P8__|*PAL10H20P8 ee | 






20R4 | PAL20R4-10(-15Mil)/B-2 SA-27-1 1.44 
| PAL20 RAB/AYALD SA-27-1 1.44 
PALC20R4Z oe | 2.00 
f20R6 | PAL20R6-10(-15Mil)/B-2 SA-27-1 1.44 
PAL20R6B/A/A-2 SA-27-1 1.44 
PALC20R6Z a_i 2.00 














20R8 | PAL20R8-10(-15Mil)/B-2 SA-27-1 1.44 
PAL20R8B/A/A-2 SA27-1 1.44 
PALC20R8Z 2.00 
PAL20RA10-20 1.44 

[zonsé [-PAL2ORS4 ee a 

| 20RS8_|*PAL20RS8 ee eee ee 

20RS10|*PAL20RS10 =} 144 






20810 _|*PAL20S10 1.44 
20X4. | PAL20X4A pear 1.44 
| PALDOX4 SA-27-1 1.44 
20X8 | PAL20X8A SA-27-1 1.44 
*PAL20X8 SA-27-1 1.44 
20X10 | PAL20X10A SA-27-1 1.44 
*PAL20X10 SA-27-1 1.44 
22V10 | PAL22V10, AMPAL22V10 1.45 
*PALC22V10 2.00 
32VX10] PAL32VX10 ee 2.00 


6L16__| *PAL6L16A ee eee 
[814 _|*PAL8L14A ee eee eee 


Notes: 

* Not recommended for new designs — contact AMD for replacement device information. 
(-XXMil) = Military suffix. 

lf part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 
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Logical Devices, Inc. 

1201 E. Northwest 65th Place 
Fort Lauderdale, FL 33309 

(800) 331-7766 or (305) 491-7405 


tecture | Part Number Revision 
1.44CR2 
1.44CR2 
H12HE | *PALI2ZHG «1.44 RR | 


PAL16L88-7(-12Mil) 
PAL16L8H-15/D/B 
PAL16L8/B-2/B-4/A/A-2/A-4 

*PALC16L8Q 
*AMPAL16L8 


16LD8 | *AmPAL16LD8 _ | 1.44CR2 
16P8 PAL16P8A 1.44CR2 


16R4 PAL16R4-7(-12Mil) 1.48C 































































PAL16R4H-15 ) 1.44CR2 









PAL16R4D/B 1.44CR2 

PAL16R4/B-2/B-4/A/A-2/A-4 | 1.44CR2 
*PALC16R4Q 1.48C 
*AMPAL16R4 1.44CR2_| 











16R6 PAL16R6-7(-12Mil) 1.48C 
PAL16R6H-15 1.44CR2 
| PAL16R6D/B 1.44CR2 
| PAL16R6/B-2/B-4/A/A-2/A-4 | 1.44CR2 
PALC16R6Q 1.48C 
*“AMPAL16R6 1.44CR2 


1.48C 
1.44CR2 


PAL16R8-7(-12Mil) 
PAL16R8H-15 














PAL16R8D/B 1.44CR2 
PAL16R8/B-2/B-4/A/A-2/A-4 | 1.44CR2 

*PALC16R8Q 1.48C 
1.44CR2 


16R8 


*“AmPAL16R8 









ALLPRO™ Programmer 





































| Archi- ALLPRO 
tecture | Part Number Revision 
16RA8 {| PAL16RA8 _ 1.44CR2 
16RP4 | PALIGRP4A | 1.44CR2 
16RP6 | PALIGRPG6A 1.44CR2 
16RP8 | PAL16RP8A | 1.44CR2 | 
*PAL16X4 1.44CR2 
18L4 |*PAL18L4 1.44CR2 
AmPAL18P8 | 1.48C 
*PALC18U8 | 1.48C 
120C1__| *PAL20C1 1.44CR2 
20L2 | *PAL20L2 _ 1.44CR2 
20L8 PAL20L8-10(-15Mil)/B-2 1.44CR2 
PAL20L8B/A/A-2 1.44CR2 
| | PALC20L8Z | 1.44CR2 
20L10 | PAL20L10A 1.44CR2 
AmPAL20L10 1.48C 
| | *PAL20L10 1.44CR2 
20R4 | PAL20R4-10(-15Mil)/B-2 1.44CR2 
PAL20R4B/A/A-2 1.44CR2 
PALC20R4Z | 1.44CR2 
20R6 | PAL20R6-10(-15Mil)/B-2 1.44CR2 
PAL20R6B/A/A-2 1.44CR2 
PALC20R6Z | 1.44CR2 
20R8 | PAL20R8-10(-15Mil)/B-2 1.44CR2 
PAL20R8B/A/A-2 1.44CR2 
| PALC20R8Z | 1.44CR2 
20RA10| PAL20RA10 1.44CR2 
| PAL20RA10-20 1.44CR2 
| *PALCE20RA10Z | 1.48C 
20RS4 |*PAL20RS4 1.44CR2 
20RS8 _|*PAL20RS8__ 1.44CR2 | 
| 20RS10] *PAL20RS10 | 1.44CR2 
20S10_|*PAL20S10 1.44CR2 





20X4 





PAL20X4A 1.44CR2 
*PAL20X4 1.44CR2 
20X8 | PAL20X8A 1.44CR2 

| | *PAL20X8 | 1.44CR2 
20X10 | PAL20X10A 1.44CR2 
*PAL20X10 1.44CR2 
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Programmer Reference Guide 
Logical Devices, Inc. 


Archi- | ALLPRO 
tecture | Part Number | Revision 


22P10 |*AmPAL22P10 1.48C 


22V10 | PAL22V10, AMPAL22V10 1.48C 
*PALC22V10. 1.48C 






















2omi6 | PALCEzoMi6 | 1.480 


14 *Am29PL141 1.48C 
*Am29LPL141 1.48C _ 


Notes: 

* Not recommended for new designs — contact AMD for replacement device information. 
(-XXMil) = Military suffix. 

If part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 
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Micropross ROM 5000 Programmer 
Parc d’Activite des Pres ROM 3000 Programmer 
5, rue Denis-Papin 

59650 Villeneuve d’Ascq 














France 

20 47 90 20 

[archi- | 
tecture | Part Number ROM 5000 | ROM 3000 
10H8_| *PAL10H8 
fjo.g. [*PALiolg Ss (“<sés Cd TC 
12H6 | *PAL12H6 35 | 583 | 
1216 | *PAL1216 


A PALS a Od 5881] 



















[1eH2 | *PALieH2 | 8S 88 
|16H8_ | *AmPALIGH8 | C8 
|16HD8 | *AMPALIGHDS_ | C88 
Ee ee ee G2 ae 






16L8 PAL16L8-7(-12Mil) 
PAL16L8H-15 
PAL16L8D/B 








PAL16L8/B-2/B-4/A/A-2/A-4 
| “*PALC16L8Q 
*“AmPAL16L8 3. 


16LD8_| *AMPAL16LD8__ ae ee 


















| 16P8 
16R4 


PAL16P8A | 35 | 583 


PAL16R4-7(-12Mil) 
PAL16R4H-15 

PAL16R4D/B 
PAL16R4/B-2/B-4/A/A-2/A-4 
*PALC16R4Q 
*AmPAL16R4 


PAL16R6-7(-12Mil) 
PAL16R6H-15 
PAL16R6D/B 
PAL16R6/B-2/B-4/A/A-2/A-4 
*PALC16R6Q 
*AmPAL16R6 


PAL16R8-7(-12Mil) 




















16R6 




















16R8 











PAL16R8H-15 3.5 
PAL16R8D/B 3.5 
PAL16R8/B-2/B-4/A/A-2/A-4 3.5 
*"PALC16R8Q — 


*AmPAL16R8 


3.5 
16RA8 
16RP4 
16RP6 
_35 
3.5 


16RP8 | PALI6RP8A | 
16X4_| *PAL16X4__ | 35 | 588 
*PALI8L4 | 3s | 583 


18L4 
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Micropross 
Archi- a [Revision 
tecture |PartNumber _[-ROM 5000 | ROM 3000 
|18P8__| AmPAL18P8 | | — | 583 | 
18U8__|*PALC18U8 _ _ | — | 583 | 
20C1_|*PAL20C1 | 35 | 583 
20G8 |*PAL10H20G8. | 46 | 583 | 
20.2 |*PAL20L2 | 35 | 5.83 
20L8 | PAL20L8-10(-15Mil)/B-2 | 35 5.83 
| PAL20L8B/A/A-2 3.5 5.83 
| PALC20L8Z___ | a a 
20L10 | PAL20L10A 35 | 583 | 
| AmMPAL20L10 at 5.83 
*PAL20L.10 a | _3.5 5.83 
| 20P8 | *PAL10H20P8 | 46 
20R4 | PAL20R4-10(-15Mil)/B-2 3.5 5.83 
PAL20R4B/A/A-2 3.5 5.83 
__| PALC20R4Z___ | oe 583 | 
20R6 | PAL20R6-10(-15Mil)/B-2 3.5 5.83 
PAL20R6B/A/A-2 3.5 583 | 
a PALC20R6Z_ | — | 583 
20R8 | PAL20R8-10(-15Mil)/B-2 3.5 583 | 
PAL20R8B/A/A-2 | = 35 5.83 
PALC20R8Z sees 5.83 


20RA10| PAL20RA10 5.83 
PAL20RA10-20 5.83 | 
*PALCE20RA10Z ee 5.83 | 

20RS4_|*PAL20RS4__ 5 | 583 

20RS8 | *PAL20RS8 5.83 | 


20RS10| *PAL20RS10 | 5 | 583 


Go FO [Od Ww 
yoyo o1o1 


20810 [*PAL20S10. | 5.83 
5.83 


ie) 
oO 


io) 
oO 


Ww 
oO 


5.83 | 
5.83 


5.83 
2.83 


5.83 
5.83 


G 
ono 


WO 
on 


20X4. | PAL20X4A 
____| *PAL20X4___ 5.83 
20X8 PAL20X8A 
*PAL20X8 
20X10 | PAL20X10A 
| *PAL20X10___ 
221IP6 | PAL22IP6-25 | 


22P10 |*AmPAL22P10 


3.5 
22V10 | PAL22V10, AMPAL22V10 | | 
*PALC22V10 4.6 
1 






a 

ots 0.63 _| 
|20m16 | PALCEZMi6 | 83 
20MA16| PALCEZOMAI6 | 88 

| 32Vx10 
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Micropross 













Archi [Revision __ 
Part Number 
rio | pusios SCS Sid Si 
167_| pisiey7 SCS dCi 
ce re See ae 
rat |-amoopitas—ssC—C—“—~*~s*~iSC“‘( dCi 
fees 
Crom ES aeRO URE Soa 


Notes: 

* Not recommended for new designs — contact AMD for replacement device information. 
(-XXMil) = Military suffix. 

If part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 
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Stag Microsystems ZL30 Programmer 
1600 Wyatt Drive PPZ Module Zm2200 Programmer 
Suite 3 


Santa Clara, CA 95054 
























(408) 988-1118 
Archi- PPZ 
tecture |PartNumber __ ZL30_ | Module Zm2200 
10H8 _|*PAL10H8 _{ 20-20 | 30A01 
*PAL10L8_ 20-25 | 30A01 
12H6__|*PAL12H6__ | 20-21 | 30A01 
1216 |*PAL12L6 _ | 20-26 | 30A01 
12L10 |*PAL12L10 | 21-50 30A01 
[14H4__|*PAL14H4 20-22 | 30A01 
14L4 | *PAL14L4 20-27__| 30A01 
448 _|*PAL14i8 30A01 14 
*PAL16C1 20-24 | 30a01 | 14 
[162 |*PALI6H2 | 20-23 | 30A01 
16H8 | *AMPAL16H8 | 90-35 | 30A27 | 18 
16HD8 |*AMPALI6HD8 __ | 90-37 | 30A27 
(16L2_[*PAL16L2— 20-28 | 30A01 
16L6 | *PALI6L6 21-52 | 30A01 
'46L8 | PAL16L8-7(-12Mil) | | 37 
PAL16L8H-15/D/B 12 
PAL16L8/B-2/B-4/A/A-2/A-4 14 
PALC16L8Z = 
|*PALC16L8Q | 36 
*AMPAL16L8_ | . | 18 | 
116LD8_|*AmPAL16LD8 L90-36 | 3027 | 18 
16P8 | PALIGP8A | 20-38 __| 30A01 
16R4 | PAL16R4-7(-12Mil) 37 
PAL16R4H-15 12 
| PAL16R4D/B | 12 
PAL16R4/B-2/B-4/A/A-2/A-4 14 
| PALC16R4Z me 
*PALC16R4Q 36 
*AmPAL16R4 18 
16R6 | PAL16R6-7(-12Mil) 37 
PAL16R6H-15 12 
PAL16R6D/B 12 
PAL16R6/B-2/B-4/A/A-2/A-4 14 
PALC16R6Z ss 
*PALC16R6Q 36 
[*AMPAL16R6___ 18 
16R8 | PAL16R8-7(-12Mil) 37 
PAL16R8H-15 12 
| PAL16R8D/B 12 
PAL16R8/B-2/B-4/A/A-2/A-4 14 
PALC16R8Z — 
| *PALC16R8Q 36 
- *AMPAL16R8 __ | | 18 
16RA8 | PAL16RA8 20-19 | 30A10 
16RP4 | PALI6RP4A _ __| 20-13 | 30A01 
146RP6 | PALIGRP6A 120-12 | 30A01 


? 
~j 
NO 


Programmer Reference Guide 
Stag Microsystems 


Archi- PPZ 
we Part Number ZL30 ae ——m 


ae | PALCE16V8H/Q 
16V8 as 10H8 
16V8 as 10L8 
16V8 as 12H6 
| 16V8 as 12L6 
16V8 as 14H4 
16V8 as 14L4 
16V8 as 16H2 
16V8 as 16H8 
16V8 as 16L2 
16V8 as 16L8 
16V8 as 16P8 
16V8 as 16R4 
16V8 as 16R6 
16V8 as 16R8 

| 16V8 as 16RP4 

16V8 as 16RP6 

16V8 as 16RP8 


1exa [*paliexa i 20-33 | goaot | 
ela SPALIA Beh} gbag ig 
‘spa | AmPALiePa_— | 90-10 | 30A31 | 18 
BT 0 a 2 


20L8 | PAL20L8-7(-12Mil) 
PAL20L8-10(-15Mil)/B-2 12 
PAL20L8B/A/A-2 12 
PALC20L8Z 33 


20L10 | PAL20L10A 21-60 | 30A01 36 
AmPAL20L10 91-60 30A21 33 
*PAL20L10 21-60 30A01 36 


20R4. | PAL20R4-7(-12Mil) os 
PAL20R4-10(-15Mil)/B-2 12 
PAL20R4B/A/A-2 12 
PALC20R4Z | 33 


120R6 | PAL20R6-7(-12Mil) oom 
PAL20R6-10(-15Mil)/B-2 12 
PAL20R6B/A/A-2 12 
PALC20R6Z | 33 


20R8 | PAL20R8-7(-12Mil) a 
PAL20R8-10(-15Mil)/B-2 12 
PAL20R8B/A/A-2 12 
PALC20R8Z : 33 


20RA10} PAL20RA10 | | 21-77 30A10 36 | 
PAL20RA10-20 21-77 30A10 | 36 
*PALCE20RA10Z 25-57 30A32 — 
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Stag Microsystems 
|__Revision 


Archi- PPZ 
tecture | Part Number ZL30 Module Zm2200 


20RS10|*PAL20RS10__— | 21-80 | 30A01 | 26 
20sio_|*paL2osio 21-81 | 30A01 | 26 


20V8 PALCE20V8H 
20V8 as 14L8 
20V8 as 16L6 
20V8 as 18L4 
20V8 as 20L2 
20V8 as 20L8 
20V8 as 20R4 
20V8 as 20R6 
20V8 as 20R8 


20Xx4 | PAL20X4A 21-63 | 30A01 36 
| *PAL20X4 | 21-63 | 30A01 36 
20X8 | PAL20X8A 21-62 | 30A01 36 
*PAL20X8 21-62 | 30A01 36 
20X10 | PAL20X10A 21-61 | 30A01 36 
*PAL20X10 21-61 | 30A01 36 
22P10 |*AmPAL22P10 | 191121 | 30A21 
22V10 | PAL22V10,AmPAL22V10 | 91-70 | 30A31 35 
*PALC22V10 _ 24070 | 30A26 | 33 
2388 | AmPAL23S8 90128 | 30A26 
29M16_| PALCE29M16_ 94135 | —— | 37 
29MA16| PALCE29MA16 94136 | — | 37. 
32VX10| PAL32VX10 21-66 | 30A27 
PLS105 21-02 | 30A29 


21- 




























fiat [amaopi141_ sf 92-92 | 





Notes: 

* Not recommended for new designs — contact AMD for replacement device information. 
(-XXMil) = Military suffix. 

lf part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 


PLCC support is for standard pinout in data sheet. For non-standard pinouts or other packages, contact Stag Microsystems 
or AMD. 
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TestPro™ Centers 


aN 





TESTPRO CERTIFICATION MEANS: 


e AMD-written procedures 
e AMD-trained operators 
e ESD-protected facilities 


e Programming on AMD-approved Data !/O program- 
mers 


e Functional testing on a proprietary AutoVec™ 2850 
tester from Exatron 


e Regular quality audits by AMD 


If you buy programmable array logic (PAL®) devices in 
volume through distribution, you already know about 
AMD, and it’s a good bet that our outstanding ICs have 
played a part in the success of your products. Now we 
have something new called TestPro. 


The AMD TestPro Centers for distributors represent 
more than continuing excellence from the world’s larg- 
est supplier of programmable products. TestPro is a 
comprehensive system for delivering factory-quality de- 
vices to you. 


TestPro provides a dramatic increase in PAL device 
quality. You'll decrease manufacturing costs. Fewer de- 
vice failures will mean lower system rework costs, and 
TestPro ICs can be incorporated into your systems with 
a minimum of handling and a maximum of confidence. 


Why Functional Testing Is Important 


AMD invented the PAL device in 1978, and engineered 
key enhancements. Distributor TestPro Centers repre- 
sent a synthesis of the techniques and expertise in pro- 
gramming, testing and handling that have become our 
mainstay in supplying thousands of customers withtens 
of millions of superior devices. 


PAL devices have three main components: the fuse ar- 
ray, programming and verification circuitry, and func- 
tional circuitry. 


The fuse array contains device logic and is programmed 
through the programming circuitry. Then the pattern in 
the fuse array is checked via the verification circuitry. 
Functional circuitry is used in the actual device opera- 
tion. 


Publication # Rev. Amendment Issue Date 
10498 A /0 | 1/90 


The programming and verification circuitry are thor- 
oughly tested prior to shipment from the factory by a 
combination of opening test fuses or exercising every 
fuse. In addition, much design and testing effort goes 
into functionally testing each PAL device prior to ship- 
ment. Since there is almost an infinite number of logic 
combinations that can be chosen for your logic, “com- 
plete” functional verification is impractical. As a result, a 
small percentage of PAL devices that pass array verifi- 
cation when you program them can still be non-func- 
tional. These devices are called post-programming 
functional rejects. Although small in number, these re- 
jects can turn into board-level rejects unless they are 
identified and removed. 


One way to verify the functionality of PAL devices is to 
generate and use test vectors, but the quality of the re- 
sulting testing is dependent on the quality of these “engi- 
neered’” vectors. As an alternative, AMD, in cooperation 
with Exatron and Data I/O, has created a better solution. 
The result is a sophisticated programming and test sys- 
tem that utilizes a Data I/O 60H programmer in concert 
with an Exatron Autovec tester. 


Immediately after the Data I/O 60H programs each part, 
the Exatron Autovec exercises it with a million-plus 
pseudo random vectors. AutoVec testing is as consis- 
tent and effective as the best of engineered vectors and 
more cost-effective. 


Percent Board Rework vs Number of 
Devices Per Board 


Percent Rework 


Number of Devices Per Board 


: Testing quality using engineered vectors varies 
: according to the thoroughness of the vectors. 





aum=p AutoVec 











TestPro Centers 


AMD provides a 120-page TestPro operations and pro- 
cedures manual that serves as a reference in operating 
TestPro. The manual incorporates techniques that mini- 
mize electrostatic discharge (ESD) effects, specifies 
certified programming steps and regulates marking and 
quality assurance efforts. 


The AMD-approved distributor personnel assigned to 
TestPro facilities are expert programming center opera- 
tors. In-depth training programs for these operators are 
backed by regular AMD site inspections and periodic re- 
training and recertification. 


Allin all, the combination of the right hardware, trained 
operators, effective procedures, and AMD certification 
allows you to eliminate the costs of programming, vector 
generation, testing and marking (labeling). The reduc- 
tion in handling also results in fewer rejects and less 
mixing. 


The Big Payoff 


All board production can benefit from high-quality com- 
ponents. The more PAL devices per board and the 
higher the rework cost, the more benefit you will derive 
from TestPro quality. 


Some typical numbers for the identified savings are 
shown below: 


User Typical TestPro 
Cost/Unit Cost/Unit 
Program and Test $.25 —1.00' $.25—.75? 
Marking $.10 — .20 
Board Rework Cost $.25 — .50' Negligible 
Elimination of Sockets $.25 — 50 0 
Total $.85— 220 §$.25—.75 
Note: 


1 Depends on what kind of testing you do 
2 Depends on quantity, lot size, initiation fee, etc. 
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All this and you avoid the costs of misprogramming or 


mismarking. 


Only you know what your exact situation is, but the fol- 
lowing work sheet will help you quantify your savings. 


Board Cost Savings Work Sheet 


Example 


Total Number of 
PLDs Per Board (a) 20 


Total Cost of 
Unprogrammed (b) $ 40 
Devices 


Your Cost Per Unit 

of Programming, 

Testing and 

Marking (Cc) 


Component Cost if 
you Program 


Total Cost of 
TestPro 
Components (e) $ 47 


$ .60 


(d)=(b)+(a)(c) $ 52 


Cost Savings of 
TestPro Devices 
at the Component 


Level (f)=(d)-(e) $5 


Rework Elimination 
Savings (Decrease 
in Failure Rate 


Multiplied by 

Rework Cost) (g) $7 
Savings From 

Elimination of 

Sockets (h) $ 7 


Overall Savings (f)+(g)+(h) $19 


Your 
Numbers 


With TestPro PAL Devices, You Get: 


e Reduced system rework costs 
e Manufacturing cost savings 


e Less incoming inspection due to higher quality 


devices 


Test Pro Centers 





AMD TestPro Centers 


ARIZONA 
HAMILTON/AVNET—CHANDLER 


CALIFORNIA 
ANTHEM—CHATSWORTH 
ANTHEM—IRVINE 
ANTHEM—SAN JOSE 
ARROW/KIERULFF—SUNNYVALE 
ARROW/KIERULFF—TUSTIN 
HAMILTON/AVNET—-GARDENA 
HAMILTON/AVNET—SUNNYVALE 
SCHWEBER—IRVINE 
SCHWEBER—SAN JOSE 
WYLE—SANTA CLARA 
WYLE—IRVINE 


COLORADO 
ANTHEM—ENGLEWOOD 
ARROW/KIERULFF—ENGLEWOOD 
WYLE—THORNTON 


GEORGIA 
ARROW/KIERULFF—NORCROSS 
SCHWEBER—NORCROSS 


KENTUCKY 
HAMILTON/AVNET—LEXINGTON 


MASSACHUSETTS 
ANTHEM—WILMINGTON 
ARROW/KIERULFF—WILMINGTON 
HAMILTON/AVNET—PEABODY 
SCHWEBER—BEDFORD 


MINNESOTA 
ARROW/KIERULFF—EDINA 
SCHWEBER—EDEN PRAIRIE 


NEW YORK 
ARROW/KIERULFF—BROOKHAVEN 


OREGON 
ALMAC—BEAVERTON 
ANTHEM—BEAVERTON 


TEXAS 
ARROW/KIERULFF—CARROLLTON 
SCHWEBER—DALLAS 
WYLE—RICHARDSON 


CANADA 
HAMILTON/AVNET—MISSISSAUGA 


(602) 961-6400 


(818) 700-1000 
(714) 768-4444 
(408) 453-1200 
(408) 745-6600 
(714) 838-5422 
(213) 217-6700 
(408) 743-3000 
(714) 863-0200 
(408) 432-7171 
(408) 727-2500 
(714) 851-9953 


(303) 790-4500 
(303) 790-4444 
(303) 457-9953 


(404) 449-8252 
(404) 449-9170 


(606) 259-1475 


(508) 657-5170 
(508) 658-0900 
(508) 532-3701 
(617) 275-5100 


(612) 830-1800 
(612) 941-5280 


(516) 924-9400 


(503) 629-8090 
(503) 643-1114 


(214) 380-6464 
(214) 247-6300 
(214) 235-9953 


(416) 677-7432 
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ProPAL™ and HAL® 
Devices Program 





ProPAL and HAL devices are programmable logic de- 
vices that are programmed, marked and functionally 
tested by Advanced Micro Devices. Our functional test- 
ing offers the user board-ready product at quality levels 
as stringent as 50 PPM, providing significant benefits in 
both quality and manufacturing cost savings. The 
ProPAL and HAL Device Program provides system 
manufacturers a risk free migration path from system 
prototype to full production with extremely high quality, 
board-ready devices. 


ProPAL Devices 


ProPAL (Programmed PAL® ) devices are simply PAL 
devices that the factory programs and tests for you. You 
receive a fully functional device without having to do any 
programming and testing, and still have the flexibility to 
handle design changes easily. 


HAL Devices 


HAL (Hard Array Logic) devices are to PAL devices as 
ROMs are to PROMS. Instead of fuses in the logic array, 
your pattern is implemented using metal links that are 
masked in during wafer fabrication. 


Should You Use a ProPAL or HAL De- 
vice? 


PAL devices offer the flexibility and convenience 
needed for prototyping your innovative designs. They 
provide a means for designing an efficient system by in- 
tegrating functions and saving you board space. For de- 
sign, prototyping and low volume production, it makes 
sense to program and test your own PAL devices. You 
always have the option of making last minute design 
tweaks as you fine tune your system design. 


Once your production volumes begin to ramp up to 
higher volumes our ProPAL and HAL device offerings 
provide some cost-effective alternatives. 


At modest initial volumes ProPAL devices provide the 
best solution by eliminating the need for the customer to 
program and test while retaining enough flexibility to ac- 
commodate design changes. We offer two different test- 
ing options for ProPAL devices which are described be- 
low. A detailed technical description of what these test- 
ing options involve follows in the functional testing sec- 
tion. 
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Unit 
Volume 








HAL® device 


PROPAL™ device 


PAL® device 


Programmable Solutions 


The AutoVec™ option provides a cost effective solution 
for low volume business (as few as 250 devices/pattern) 
at a typical quality level of 500-700 Parts Per Million 
(PPM). 


When your volumes reach a moderate volume of a few 
thousand devices per year for each pattern, AC-func- 
tional tested ProPAL devices provide the right solution. 
AC-functional testing provides 50 PPM level quality. Of 
course the AutoVec option is available for these larger 
volumes, but larger volume business is usually best 
handled with the AC-functional testing option. 


When you feel that your design has stabilized and your 
production volume has ramped up to several thousand 
devices per year, HAL devices are the most cost effec- 
tive way to purchase your programmable logic. All HAL 
devices are fully AC-functionally tested and also have 
demonstrated quality levels of better than 50 PPM. 


The Importance of Functional Testing 


Programming is final manufacturing, and the quality ofa 
programmed device must be verified by thorough test- 
ing. After programming, a device is “array verified.” This 
verification checks the fuse array to verify that the pat- 
tern programmed into the device is correct. However, 
array verification does not guarantee functionality. De- 
vices can pass this verification but fail in the circuit 
board. These are called post-programming functional 
rejects. Post-programming functional testing simulates 





6-78 


ProPAL and HAL Device Program 


Table 1. 


Alternative Board Level PPM 


1. Fuse Verification Only 5000-10,000 


2. Simple Pseudo- 2000-3000 
Random Vectors 

3. Third Party Software 1000-2000 
Generated Vector 
Testing 

4. AutoVec Testing 500-700 


5. AMD Full AC-Functional 50-100 
and Threshold Testing 


the actual operation of the device to verify functionality. 

This testing detects these functional rejects before they 
get into your system. The typical post-programming 
functional reject rate for PAL devices is about 0.5—1.0%, 
or 5000—10,000 PPM. Our AC-functional testing options 
for ProPAL and HAL devices offer 50-PPM quality lev- 
els. 


Table 1 lists typical quality levels provided by the various 
testing alternatives available, from no functional testing 
to full AC-functional testing. 


Alternatives (1), (2) and (3) are commercially available. 
The PLD user can easily purchase the equipment and/ 
or software for these alternatives, or obtain them as 
value added services through distribution. 


AutoVec testing, alternative (4), is available from the 
AMD factory or through AMD certified distributor 
TestPro™ centers. AMD is developing a nation-wide 
network of these centers to make this level of quality 
easily available to any PLD user who wants it. 


Full AC-functional testing is available only through the 
AMD factory. This level of testing represents state-of- 
the-art testing and quality, providing the end user with 
near zero-defect board level quality. 


ProPAL and HAL Device 
Functional Testing 


Thorough functional testing is at the heart of our ProPAL 
and HAL device program. We offer a range of program- 
ming and testing options. These are discussed in detail 
in this section. 


Comments 


Lowest quality level available. Part of standard pro- 
gramming sequence. No additional costs, insertions. 


Gross functionality test. Relatively unsophisticated, has 
difficulty with complex (e.g. state machine) patterns. 
Simple, minimal operator expertise required. 


Requires engineering time and expertise, additional 
equipment (usually PC-based). Uses “structured vec- 
tors” that test for possible faults — but will typically not 
cover all faults. 


Extremely sophisticated signature analysis testing. 
Tests almost all PLDs and possible patterns. Simple, 
requires minimal operator expertise. 


Available only through the AMD factory. Highest qual- 
ity testing available. Quality is a result of many years 
and tens of millions of units experience. All HAL 
devices are fully AC-functionally tested. 


All functional testing of PAL devices starts with some 
type of test vectors, but the similarity ends there, be- 
cause when it comes to functional testing of PAL de- 
vices, all vectors are not alike. They range in complexity 
from simple, short pseudo-random testing sequences 
(e.g., Data 1/O’s Fingerprint™ Test) to sophisticated 
structured vectors generated by expensive software 
programs used interactively by dedicated test engi- 
neers. 


We offer a sophisticated brand of signature analysis 
testing and two types of structured vector testing. The 
signature analysis testing is performed on the AutoVec 
tester. The structured vector testing option is AC-func- 
tional vector-testing. AC-functional testing includes full 
functional and DC threshold testing plus functional test- 
ing for AC conditions. The following is a brief description 
of just what these testing options are and what they yield 
in final quality. 


AutoVec Testing 


The AutoVec tester is an extremely sophisticated signa- 
ture analysis tester. It generates a sequence of up to 20 
million vectors via a proprietary hardware-based pseu- 
do-random vector generation algorithm. These vectors 
provide a typical quality level of 500-700 PPM for fin- 
ished product. 
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AutoVec testing requires less engineering interaction 
and setup time than AC-functional testing (while still 
providing excellent quality levels), allowing for more 
flexible business conditions. These more flexible busi- 
ness conditions include lowered NREs and reduced 
minimum volume requirements. 


AC-Functional Testing 


The AC-functional testing option offers the highest level 
of quality in the ProPAL and HAL device program. This 
exceptional quality is a result of the increasingly sophis- 
ticated structured test vectors and test equipment used 
for testing. 


When generating vectors for this level of testing we start 
with a proprietary transistor level schematic of the de- 
vice under test. With this we can model internal gate 
level stuck-at-faults. Most other vector generation pack- 
ages use inexact models — such as logic diagram rep- 
resentations — as the basis for vector generation. With 
our proprietary exact device representation it is possible 
to cover all possible faults of the internal gates (where 
these faults can occur). 


AMD's Proprietary Software TGEN also checks for tri- 
state faulting. This is in addition to the stuck-at-1 or 
Stuck-at-0 faulting tested for by most commercially 
available test packages and conventional testing meth- 
ods. 


Finally, TGEN is used to check the design for potential 
design problems (e.g., race conditions). Additional vec- 
tors are added as needed to test for these and guaran- 
tee reproducible test results. 


In the process AMD test engineers interactively add 
vectors until 100% of the detectable faults are covered. 
The end result: guaranteed 90% fault coverage on every 
pattern we test, with typical fault coverage > 95%. If 90% 


fault coverage cannot be obtained, our Field Application 
Engineers will work with the customer to improve the 
testability of the design, or we will continue processing 
your product upon receipt of a waiver. 


At this point the vectors provide coverage for DC-func- 
tional conditions. The functional testing coverage is now 
extended to AC testing. AMD test engineers, working 
with additional proprietary in-house “intelligent” soft- 
ware, use these vectors as the basis for generating their 
AC test vectors. For high quality AC testing, the design 
must be considered. Multiple feedback paths must be 
accounted for in the testing sequence. These “intelli- 
gent” software packages “learn” the design and flag the 
test engineer when special AC testing considerations 
are found. In this iterative process the engineer adds 
vectors to cover AC testing conditions. Typically, the 
number of DC functional vectors is doubled or tripled for 
full AC testing coverage. This expanded set of vectors is 
incorporated into a test program that does DC testing, 
functional, threshold-functional and AC-functional all at 
the VCC extremes. The end result is excellent system 
level quality with a board level reject rate less than 50 
PPM. 


Quality and Cost Savings 


The quality and cost savings benefits the ProPAL and 
HAL device program offers are substantial. The invest- 
ment the PAL device user makes in ProPAL and HAL 
devices yields a significant return in product quality and 
manufacturing savings. 


The quality is a result of our many years and millions of 
units of experience in the design, manufacture, pro- 
gramming and testing of PAL devices. This experience 
lets us provide PAL device users finished quality levels 
as stringent as 50 PPM. 


PERCENT OF SYSTEMS FAILING 
vs NUMBER OF DEVICES/SYSTEM, PPM 


= 
i] 


PERCENTAGE, SYSTEMS FAILING 
oo MP OW FH DN CO © 


0 100 200 





NUMBER OF 
DEVICES /SYSTEM 


100 
90 
80 
70 


300 400 500 600 700 800 900 ©1000 
PPM 





6-80 


ProPAL and HAL Device Program 





Table 2. Manufacturing Yield for Various Component Quality Levels 


Devices/ 
System 5 10 
PPM 
50 99.975% 99.95% 
500 99.75% 99.5% 
5000 97.5% 95.1% 
10,000 95.1% 91.5% 


The reduced manufacturing costs are derived from the 
high quality provided by ProPAL and HAL devices (qual- 
ity that results in increased manufacturing yield) and re- 
duced component processing and handling costs. 


The manufacturing yield (the number of working sys- 
tems produced as a percentage of total number of sys- 
tems produced) is a function of the quality of the compo- 
nents in a system. Figure 1 is a plot of the relationship 
between component quality and manufacturing yield. It 
is a graphic illustration of what is intuitively clear — as 
the quality of the components in a system improves, the 
manufacturing yield for that system improves. 


Additional manufacturing cost savings come inthe form 
of reduced processing and handling costs. Purchasing 
pre-programmed and functionally tested devices direct 
from the factory eliminates the need for the user to per- 
form any programming or functional testing. This elimi- 
nates the need for the user to carry all the associated 
overhead: 


e Programming (programmer equipment cost, floor 
space, maintenance and calibration, operator costs) 


e Labeling/stripping/marking (equipment cost, floor 
space, maintenance, operator costs) 


e Vector generation (computer/software costs, engi- 
neering costs) 


e Testing (equipment costs, operator costs) 


e Elimination of sockets (which allows for auto-inser- 
tion) 


When ProPAL and HAL devices are utilized, handling- 
related rejects are virtually eliminated. We have histori- 
cally found this to be one of the largest sources of re- 
jects. Mixed device types, mixed bit patterns, mixed re- 
ject and good devices, bent leads and ESD damaged 
devices can all result in board level failures, failures that 
can be avoided with ProPAL and HAL devices. ProPAL 
and HAL devices come programmed, marked and fully 
tested, ready to go directly from the shipping box to the 
production floor. 


The following example does not take into account a few 
items: 


25 50 100 
99.87% 99.75% 99.5% 
98 8% 97.5% 95% 
88% 78% 61% 
78% 61% 37% 


« Thecost of programming, testing and marking forthe 
PAL device user. As discussed previously, this in- 
cludes labor costs, equipment costs, maintenance 
and calibration costs as well as other variable costs. 


e Increases in production efficiency. These increases 
result from the reduced number of handling steps re- 
quired, the ability to use auto-insertion and other 
manufacturing flow issues. 


e The programming/test charges associated with 
ProPAL and HAL devices services. 


A Cost Savings Example 


A system manufacturer produces 2000 systems per 
month, each having 10 PAL devices (total 20,000 PAL 
devices/month). This manufacturer's cost of diagnosing 
and reworking a non-functional system (at system test) 
is $150. What cost benefits does the ProPAL and HAL 
Device Program offer this manufacturer? 


Case | 


No functional testing is performed — 5000 PPM board 
level quality. 


e Manufacturing yield (from Table 2) = 95.1% 
e 4.9% or 98 systems/month require rework. 


e At $150/system, total rework costs/month are: 
98 x $150 = $14,700 


e At 20,000 devices/month, rework costs are: 
$14,700/20,000 = $0.73/device. 


Case Il 


e AutoVec testing is performed — 500 PPM board 
level quality. 


e Manufacturing yield (from Table 2) = 99.5%. 
e 0.5% or 10 systems/month require rework. 


e At $150/system, total rework costs/month are : 
10 x $150 = $1500. 
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e At 20,000 devices/month, rework costs are: 
$1500/20,000 = $0.08/device. 


Case lil 


e AC-functional testing is performed — 50 PPM board 
level quality. 


e Manufacturing yield (from Table 2) = 99.975%. 
@ (0.025% or < 1 system/month require rework. 


e At$150/system, total rework costs/month are: 
< $150. 


e At20,000 devices/month, rework costs are: 
< $150/20,000 = $0.01/device. 


Cost Savings (utilizing): 


e AutoVec testing: $0.73 - $0.08 = $0.65/device. 
e AC-functional testing: $0.73 - $0.01 = $0.72/device. 


The cost of doing programming varies from manufac- 
turer to manufacturer. Generally, unless a manufacturer 
does high volume programming, this cost can be sub- 
stantial. 


Additionally, other manufacturing cost benefits are also 
realized. If PAL devices are being socketed, the high 
quality levels of ProPAL and HAL devices allow for elimi- 
nation of those sockets and the utilization of auto-inser- 
tion in the manufacturing flow. Board ready devices also 
lend themselves more readily to just-in-time or ship-to- 
stock purchasing and manufacturing programs. 


Finally the total costs of reworking systems must be con- 
sidered. As systems become increasingly complex and 
dense, utilizing surface mount and increasingly sophisti- 
cated CAD/CAM technology, testing and reworking de- 
fective systems becomes increasingly expensive. Using 
high quality components minimizes this expense. 


The cost of ProPAL and HAL device services depends 
on a number of factors (device type, volume, device 
base price). Itis typically much less than it costs a manu- 
facturer to program and test devices, not to mention the 
savings realized through the increased quality. 


When you utilize our ProPAL and HAL Device Program 
you're getting tremendous quality and manufacturing 
cost benefits —- semicustom product without many of 
the risks: 


e You Can prototype your system and start production 
with standard PAL devices. 


e The Non-Recurring Engineering (NRE) charges for 
ProPAL and HAL devices are far lower than those 
normally required for a semi-custom circuit, and can 
be amortized over your first production quantity. 


e You save onthe cost of programming and testing de- 
vices. This also shortens your production cycle, 
since you Can plug the devices into the socket with 
no additional processing. 


e You save on the costs of generating test programs 
and functionally testing devices. All devices are fully 
functionally tested before they leave the factory. 


e We provide you with custom marking. This saves 
you the added expense of stripping the mark from 
standard devices and remarking them with your own 
mark. 


e You eliminate handling errors. When you use 
ProPAL and HAL devices, you are receiving board 
ready product. No need to program, mark or test. 
And the elimination of these extra processing steps 
means the elimination of many handling steps, which 
can be the number one cause of defective compo- 
nents. 


e You eliminate or reduce board and system level re- 
working. The high quality levels provided by our 
ProPAL and HAL device offerings significantly re- 
duces board reworking costs. 


How Can You Take Advantage of This? 


The following are some guidelines which you can use to 
help convert your designs to ProPAL and HAL devices. 


1. Send in Your Design 


You will need to provide your logic equations from either 
PALASM®, ABEL™ or CUPL™ on magnetic media’. 


When AMD generates vectors for use in functionally 
testing your pattern, “seed” vectors are helpful, although 
not necessary in providing the foundation upon which 
the final test vectors will be based. 


If provided, a master PAL device containing your design 
can be used by AMD to verify that the pattern you sub- 
mitted has been correctly processed. If you cannot pro- 
vide an AMD master PAL device, AMD will accept your 
design inputs and provide ProPAL samples for your ap- 
proval. 


* Floppy disks are accepted in standard DEC® RT-11 (RX01) or RSX-11M®, files 11 format, or an IBMPC™ 5 1/4 in. diskette. IBM 
compatible (800 or 1600 BPI) nine track magnetic tapes are accepted in unlabeled (card image), files-11, or VAX VMS® backup 
format. If magnetic media absolutely cannot be provided, legible printout (signed and dated) from PALASM software will be 
accepted. Please note that magnetic media are required if you have more than 50 vectors. 
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2. AMD Will Verify the Design 


Upon receiving your design package, AMD will enter 
your design into their computer and verify that there are 
no format or syntax problems. A fuse map will be gener- 
ated, and verification sample ProPAL devices pro- 
grammed. 


If any questions are encountered at this stage, they will 
be resolved with you before any further processing 
takes place. 


3. AMD Will Check Samples 


If you have approved immediate production of your de- 
vices, AMD will make a fuse-for-fuse comparison be- 
tween the verification samples and the master device 
you provide. If there are no discrepancies, test genera- 
tion will be started immediately (or upon receipt of your 
purchase order). 


If you prefer to verify programmed sample ProPAL de- 
vices prior to initiating production, AMD can provide 
them for your approval before proceeding further. Verifi- 


cation sample approval is also needed when no master 
devices are provided. 


4. AMD Will Generate Test Vectors 


Next, a functional test sequence is generated using 
TGEN™, a proprietary software package. Any seed vec- 
tors you provide will be used to help initiate test genera- 
tion. TGEN will check for race conditions, monitor fault 
coverage and systematically add vectors until test cov- 
erage goals are met. 


AMD has atest quality standard that sets as a minimum 
goal 90% coverage of all stuck-at faults. If acceptable 
coverage cannot be obtained, ways of increasing the 
testability of the design may have to be considered be- 
fore AMD can process the pattern. 


When suitable test coverage is obtained, as is normally 
the case, there is no need for you to be involved with 
vector generation. If, however, you wish to approve the 
test vectors before production units are generated, the 
vectors will be made available to you. 
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5. AMD Will Generate Production Units 


After an acceptable test sequence has been generated, 
AMD will generate the appropriate HAL mask and 
manufacture the devices. Or in the case of a ProPAL de- 
vice, AMD will arrange to program and test blank units. 


Having Your Devices Marked 


The standard mark consists of the device type, the pack- 
age type, the date code, and logo. 


If you wish, you can have the standard marking replaced 
by a custom marking. The logo and date code are stan- 
dard, but any other markings, such as your part number 


or revision number, can be as you desire. The character 
and line limitations for the most common packages are 
in Tabie 3. 


If the package you want is not listed, your local repre- 
sentative can help you determine the guidelines you 
need. 


Contacts 


When you are ready to put the power of the factory to 
work for you, just Contact your local sales representa- 
tive. And let us take care of your production program- 
ming, testing, and marking needs. 


Table 3. 


PLASTIC 20 pin (300 mil) 
24 pin (300 mil) 
CERDIP 20 pin (300 mil) 
24 pin (300 mil) 
PLCC 20 lead 
28 lead 
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2 lines/13 characters per line 
2 lines/17 characters per line 


2 lines/16 characters per line 
2 lines/17 characters per line 


4 lines/11 characters per line 
5 lines/12 characters per line 


Testability 


cl 





INTRODUCTION 


With digital logic design, it is all too easy to design a circuit which 
merely implements a specified function. When production starts 
it is suddenly found that the circuit cannot be tested, or perhaps 
that tests cannot be performed economically. Dealing with this 
situation can, at the very least, have a negative impact on the in- 
troduction of the system into the marketplace. 


Potential headache can be avoided by taking test issues into 
consideration during the initial design. Instead of just designing a 
circuit which implements a specified function, which is the bare 
minimum that must be accomplished, that function needs to be 
implemented in a manner which can be tested. 


The purpose of this section is to establish the notion of testability 
and its importance, and then to provide ways of avoiding the most 
common untestable circuits. The issues will be discussed primar- 
ily in the context of logic design in PLD’s, although they are also 
relevant for general logic design. 


After testability has been discussed for general circuits, some 
specific testability circuitry on the Am29CPL151/4 devices will be 
discussed. Finally, test vectors will be reviewed. Various kinds of 
vectors are mentioned, and the general tools available for vector 
generation will be summarized. 


Defining Testability — A Qualitative Look 


A completely testable design is one in which any and all device 
faults can be systematically detected. 


First note that the issue is one of devices, not designs. The design 
itself must work as specified; that is the main job of the design 
engineer. Once the design is implemented in a device, the issue 
is how to test the device to make sure that the design has been 
correctly implemented. Throughout this paper, then, it will be 
assumed that a particular design works as is; we will just be 
addressing its testability. 


The easiest and most effective means of testing a circuit is 
through a systematic series of tests. Arandom set of tests may 
also do well, but does not yield much information regarding the 
testability of a circuit itself. No number of random (or systematic) 
vectors can test an inherently untestable circuit. 


In order to be able to perform a systematic test sequence, every 
part of the circuit under test must be accessible, so that it can be 
controlled. Only then can each node be forced high or low as 
needed. This is essentially a requirement of complete controll- 
ability of the circuit. 
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In order to be able to detect faults every part of the circuit must 
also be visible to the outside world, so that the results of each test 
can be observed. In this manner, each node can be inspected to 
determine its logic level. This requires complete observability. 


These are, of course, the age-old issues of controllability and 
observability, which are as important for digital logic circuits as 
they are for so many other kinds of systems. If any portion of a 
Circuit is uncontrollable or unobservable, then the testability of the 
entire circuit is compromised. 


Figure 1 shows a couple of completely untestable circuits. The 
integrity of the top input in Figure 1a can never be verified. No 
matter whether it is shorted to ground, to V.,, or whether it is 
functioning correctly, the output will be the same. That is to say, 
any faults on the top input cannot be observed at the output. 


The circuit in Figure 1a would appear pretty useless as is. It is 
possible, however, that instead of being directly grounded, the 
second input may be driven by some distant signal, possibly on 
a different PC board, which happens to be a a logic low. If you 
cannot bring this line to a logic high, then it might as well be 
grounded. 


The circuit in Figure 1b essentially has no input. This circuit can 
be thought of as a latch, but there is no way to change its logic 
state. Therefore, it is completely uncontrollable. 


Sa 


a. Unobservable 


b. Uncontrollable 
14099-001A 


Figure 1. Untestable Circults 


Quantifying Testability 


In theory, if we want to quantify the testability of a given circuit, we 
might first attempt to make a list of all possible things that could 
go wrong with a circuit (no matter how unlikely), and then verify 
that all such “faults” can be tested, in all combinations and 
permutations. But for a circuit of any significance whatsoever, it 
will rapidly become apparent that this is not a practical solution. 
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What we need instead is a measure which can give an empirically 
reliable indication of the testability of a circuit, or of the quality of 
a given set of tests. There are several different such measures, 
but the most popular of these is the single stuck-at faults model. 


There are several ways of analyzing circuits for single stuck-at 
faults. For very large circuits, various testability analysis schemes 
have been developed. However, for smaller circuits, especially of 
the size that would be put into a PLD, the more common method 
uses simulation. 


Simulating Single Stuck-At Faults 


A given circuit is first simulated. The quality of the simulation is 
important; the more complete the simulation the better. A thor- 
ough simulation can then serve as a benchmark test sequence 
later. In this way, the fault simulation procedure also allows us to 
measure the quality of a given simulation, or set of tests, in 
addition to the testability of the circuit. 


The results of the simulation are recorded. Next, one node in the 
circuit is modeled with a “stuck-at” fault — either stuck-at-one 
(SA1) or stuck-at-zero (SAO), as shown in Figure 2. The circuit is 
now resimulated. If the simulation results of the modified circuit 
are different from the simulation results of the good circuit, then 
the fault was detected. If not, then we have a faulty circuit which 
appears to operate correctly. 


CC 


STUCK-AT-ONE (SA1) 


STUCK-AT-ZERO (SAO) 
14099-002A 


Figure 2. Single “Stuck-At” Faults 


This procedure is repeated for each node, one node at a time 
(hence the name “single” stuck-at faults). The nodes are modeled 
with both SA1 and SAO faults, so that for N nodes, we will have 
2N simulations. If of those 2N simulations, D of them produced 
simulation results different from those of the original circuit, then 
we say that this simulation tested this circuit with a test coverage 
of D/(2N)*100%. Whereas this specifically tests only for single 
faults, experience shows that it is also a good test for multiple 
stuck-at faults. 


Undetected Faults 


Why are some of the faults not detected? For simple combinato- 
rial logic, there are two basic reasons: either the simulation was 
not complete enough to find the fault, or the circuit itself cannot be 
tested for the fault. So when an undetected fault is located, the 
first step taken is to add vectors to the simulations which will 


exercise the node being tested. By doing this, we gradually 
improve the quality of the simulation, and thus the quality of the 
test sequence that we can use in production. 


It is possible that certain nodes will have undetectable faults for 
which no new vectors can be added. These are the result of an 
untestable design. It is the joint job of the test and design 
engineers to generate a test sequence that is as complete as 
possible. It is the design engineer’s responsibility to provide a 
circuit which is testable. If both of these responsibilities are 
carried out, the result will be a testable circuit which can be tested 
with an exhaustive test sequence. This will yield the highest 
quality system. Note, however, that the overall responsibility is 
shared between the design and test engineers. 


Needless to say, this process of analyzing the testability of a 
circuit is not done all by hand; software aids are used. There are 
many different kinds of programs that run on many different kinds 
of systems, ranging from PCs to workstations to mainframes. 
Some of them are standalone programs; others are integrated 
into larger overall environments. Their specific capabilities also 
vary, but in general, they can simulate a given circuit with a given 
set of vectors; analyze the test coverage that the vectors provide 
for the circuit; and generate new tests, either from scratch or by 
improving on the coverage of a few manually generated “seed” 
vectors. Most can also point out potential problems areas of a 
circuit, such as race conditions and logic hazards. 


Finally, one frequently asked question is “So what if there is a fault 
that can never be detected. Who cares?” Theoretically, this 
question is not unreasonable. However, most companies will not 
feel comfortable telling a customer “We only tested half of the 
system, but if anything goes wrong with the other half, you'll never 
notice it.” In addition, as will be seen, many untestable circuits 
occur as a result of poor design practices. 


Testability issues for sequential circuits have implications far 
beyond the test bed. Indeed, failure to take these issues into 
account can greatly affect the normal performance of a system. 
The key for state machines is controllability. The challenge is to 
make ail elements of the circuit controllable, both for testing and 
for general functionality. 


Designing Testable Combinatorial Circuits 


Allof the previous procedures dealt mostly with the ways in which 
existing circuits are treated. However, if a finished circuit is found 
to be untestable, then it must be redesigned for testability. An 
easier approach is to design for testability from the beginning. 
Unfortunately there is no direct recipe for a testable design. There 
are, however, many common ways of making a circuit untestable. 
Most of this section is devoted to pointing out such problems. 


The simplest kind of problem is redundant logic. Figure 3a shows 
one such circuit. It has a purely redundant product term. If the 
output of either of the product terms is stuck low, for any reason, 
then as long as the other product term is good, the fault will never 
be visible at the output. 


This may initially look like a benefit, since we have what we could 
call a “primary” circuit with a “backup.” One can cover up some of 
the failures of the other (but not all failures). If this kind of 
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redundancy is truly desired, this is not the way to achieve it. When 
you ship out this circuit, you do not know if you really have a 
working primary and backup. The primary may already be mal- 
functioning; since it was never tested, you will never know. If you 
want useful, reliable redundancy, test circuitry must be added, as 
in Figure 3b, so that each part of the circuit can be independently 
tested. 


A‘B + A*B = A‘B 


a. A Purely Redundant Circuit 


A 
B 
PRIMARY 


BACKUP 
= A*B*PRIMARY 


+ A*B*BACKUP 


b. Testable Redundant Circuit 
14099-003A 


Figure 3. Making Redundancy Testable 


Figure 4 shows another redundant circuit. Although the product 
terms are not identical, the larger AND gate is really redundant. 
Any stuck-low faults at the output of this gate are not detectable. 


Cc 
E C’D'E + D’E = DE 


14099-004A 
Figure 4. Circuit with a Redundant 3-input AND Gate 


Reconvergent Fanout 


Redundant logic is a special case of what is called reconvergent 
fanout. This is a term that refers to circuits that have inputs 
splitting up, going through independent logic paths, and then 
reconverging to form a single output, as shown in Figure 5. When 
this happens, it is very easy to introduce untestable nodes. It may 
not be easy to identify where such nodes are. 





b. Observability: Sensitizing a Path to the Output 


ees 
LOGIC [——> 


FANS OUT RECONVERGES 


14099-005A 
Figure 5. Reconvergent Fanout 


Figure 6 is an example of a reconvergent circuit. The inputs are 
shared between two different product terms, which are eventually 
summed. This circuit appears harmless enough, but it turns out 
that the node indicated by “SA1” cannot be tested for a stuck-at- 
one condition. In other words, there is no way that we can 
guarantee that that node is operating correctly. 


= A*B*/C 
+ BC 
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Figure 6. A Reconvergent Circuit with an Untestable Node 


It is worth analyzing this circuit a bit more closely. This will give 
some insight into the kinds of analyses that are necessary when 
evaluating circuits and generating tests, and into the ways in 
which untestable nodes are created. 


if we wish to prove that the node in question is not stuck high, then 
we must force it low and prove that we were successful in doing 
so. Thus we have two requirements: forcing the node low, and 
seeing the logic low on the output —controlling and observing the 
node. 


First we raise input C high to force the node to a logic low 
condition, as in Figure 7a. This satisfies our controllability require- 
ment. Next we need to provide a way to propagate this logic low 
to the output (Figure 7b). This is referred to as sensitizing a path 
to the output. The first step is to get the logic low past the AND 
gate. But if either input Aor B is low, then the output of the AND 
gate will be low regardless of the node being tested. Thus we must 
force both A and B to a logic high, so that if there is a low on the 
output of the AND gate, we will knowfor sure that it came from the 
node we are testing. This is shown in Figure 7c. 


A = 1 








d. Propagating Past the OR Gate Sets Up an 
Impossible Condition 


14099-007A 


Figure 7. Analyzing Testability 
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Next we wish to get the logic low through the OR gate to the 
output. To do this, we must insure that the second OR input is 
always low; if it is high, then the output of the OR gate will be high 
regardless of the node being tested. If we can keep the lower OR 
input low, then if the node we are testing was sucessfully forced 
into a low condition, then the output will be low. Otherwise the 
output will be high. This can be seen in Figure 7d. 


How do we keep the lower OR input low? By making the output 
of the lower AND gate low, which can be done by setting one of 
its inputs low. However, we have already required that all of the 
inputs be high. Thus we have required a set of conditions that 
cannot be met. One of three things will result: 


1. The lower AND gate has both inputs high, and therefore keeps 
the lower OR input high. In this case, we may have been 
successful in forcing the node under test low, but we cannot 
see it at the output. 


2. We bring input B low, allowing the lower OR input to go low. 
However, now the output of the upper AND gate will always be 
low. So we will see a low at the output, but we cannot be sure 
exactly where the low came from. 


3. We bring input C low, allowing the lower OR input to go low. 
However, now we are no longer forcing the node under test 
low. 


So we can either force the node low, but cannot see the low at the 
output; or, we can see a low at the output but cannot be sure of 
its source; or, we cannot force the node itself low. In any case, we 
will never be able to guarantee that the node under test is not 
stuck high. 


Note that the two “independent logic blocks” which generate the 
signals that eventually reconverge are testable by themselves; 
they are justAND gates. It is only when we hook them together via 
the OR gate that the overall circuit becomes untestable. Thus the 
testability of individual portions of acircuit does not guarantee that 
the entire circuit will be testable when the testable pieces are all 
connected. 


We can minimize this circuit using the following steps: 
A*B*C + BC = A‘B*C + B*C + A*B"B (by consensus) 
= A*B*C + B*C +A*B 
= A*B + B*C. 
Thus the node we were trying to test is really not needed in the 


logic. The resultant circuit is shown in Figure 8, and is completely 
testable. 


A 
= A‘B 
B + BYC 
Cc 
14099-008A 


Figure 8. The Minimized Circuit is Testable 
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Figure 9. A Messy Reconvergent Circuit 


Not all reconvergent circuits are so simple. Figure 9 shows amore 
complicated reconvergent circuit. Here some signals have to 
travel through several levels of logic to reach their final destina- 
tion. This introduces considerable skew into the circuit, and will 
produce glitches on the outputs during certain transitions. In 
addition to this, there is again a stuck-at-one fault that cannot be 
tested. 


Circuits like this can result from the design iteration process, as 
a designer tries to debug a circuit. By adding this and that, 
eventually the circuit works. But it is a mess, has poor timing 
characteristics, and is untestable. Alittle analysis of the logic itself 
shows that: 


the bottom output is 
(A+B) =A*B 


thus the 9 middle | output is 
(A*B)=A+B 


which makes the top output 





(A*B*C + C*(A + B)) = (A*B*C + A*B’C) 
= (KB) 
=A+B 





ee” 


That is, the top two outputs are actually the same, and the third 
output is just the inverse of the top two. As convoluted as the 
original circuit looks, the logic itself is actually trivial. So if three 
outputs are really needed for some reason, we can generate them 
independently, as in Figure 10a. If only two outputs are needed, 
it is even easier. Figures 10b and 10c show two possibilities. 


These circuits are much easier to understand, their timing char- 
acteristics are better, and they are completely testable. 
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B = /(A*B) 
= A*B) 
= K/A +/B) 
a. A Cleaner 3-Output Version 
A e 
B = /(A*B) 


b. A Clean, Fast 2-Output Version 


= /(A*B) 


o> 


= (JA + /B) 


c. A Slower 2-Output Version. 


14099-010A 


Figure 10. Simplifying the Circuit of Figure 9. 


The Importance of Minimization 


The common factor behind all of the untestable circuits we have 
examined is the fact that all of them were not minimal. By 
minimizing the logic, we made the circuits testable. This is true in 
general: UNMINIMIZED LOGIC CANNOT BE FULLY TESTED. 


Very often, especially when designing with PLDs, an attempt is 
made to minimize logic only to the point where it fits into a 
particular PLD. Any further minimization is considered an aca- 
demic waste of time. This is a grave misconception. Getting rid of 
all extra product terms, and eliminating all extra literals on the 
remaining product terms has real value. Failing to do so will result 
in untestable nodes in the circuit. 


Minimizing is not always enjoyable, since hand techniques are 
usually too tedious, and Karnaugh maps are essentially useless 
for more than four or five inputs. However, computers have long 
been used to minimize logic. In particular, PALASM® software 
(version 2.22 and later) has a minimization routine which can 
minimize logic automatically before assembly. 


Logic Hazards 


One occasional side effect of minimization can be the introduction 
of glitches into a circuit. Figure 11a shows such a “glitchy” circuit. 
The waveform in Figure 11b shows that under steady-state 
conditions, as long as inputs A and C are high, the output is high 


X = A‘B 
+ /B*A 





a. A Glitchy Circuit 





c. “Gap” in the Karnaugh Map Indicates a Logic 
Hazard 
14099-O11A 


Figure 11. Examining a Glitchy Circuit 


regardless of B. However, as B changes from high to low, causing 
the top product term to shut off and the bottom one to turn on, the 
inverter adds a bit of delay to the path that will turn on the lower 
product term. Thus the top term may shut off before the bottom 
one gets achance to turn on. In this case, we have two logic low 
signals going into the OR gate, giving alowon the output. As soon 
as the lower product term turns on, the output goes back high, but 
not before the appearance of the high-low-high glitch. 


Figure 11c shows the Karnaugh map for this circuit. It is minimal, 
but there are two product terms which do not overlap; they are 
“adjacent” in one location. These represent the two AND gates in 
the circuit diagram. The arrows indicate the troublesome transi- 
tion: when Aand C are high, and when B changes from high to low 
or the reverse. We can intuitively think of this as a “gap” between 
the two adjacent product terms, in which a glitch may occur. 


Note that glitching is not acertainty. It is called a hazard because 
in certain situation, given certain timing situations, there is a 
chance that a glitch will occur. 


Note also that the glitch is not really caused by the minimization 
process itself, but is caused by these “gaps” inthe Karnaugh map. 
Unminimized logic with such gaps may also be glitchy. 
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APROM is agood example of such a circuit. PROMs can be used 
to implement any logic function of their inputs. However, regard- 
less of the function, itis implemented in acompletely unminimized 
fashion, using complete minterms. So even a function as simple 
as the one in Figure 12 (which could be implemented using a 
single product term, grouping all 1’s into a single cell) is imple- 
mented with each 1 in its own cell. Thus there is a gap between 
every cell, meaning that every transition is a potential glitch. 
PROMs are notoriously glitchy, and it is for this reason that the 
output of a PROM is actually undefined until its access time has 
elapsed. 





14099-012A 


Figure 12. In a PROM, Every Transition Can Glitch 


If we go back to the Karnaugh map in Figure 11c, we see that we 
can eliminate the gap — and the glitch — by adding aproductterm 
which overlaps both existing product terms and covers the gap. 
This is shown in Figure 13a, with the resultant circuit shown in 
Figure 13b. 





a. A Redundant Product Term Can 
Eliminate the Glitch 


X = A*B 
+ /B*C 
+ A*C 





b. A Glitch-Free, but Untestable Circuit 


14099-013A 


Figure 13. Eliminating Glitches 


This circuit is no longer glitchy. Unfortunately, it is also no longer 
testable, since we have added in a redundant product term that 
cannot be tested (try it yourself). In order to have a circuit that is 
both testable and glitch-free, we must add atest input to the circuit 
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which we can use to shut off the outside gates, isolating the 
middle gate for testing (Figure 14a). When the circuit is operating 
normally, the extra input is kept at a logic high condition, where it 
does not interfere with the basic logic function. 


The Karnaugh map for this circuit is shown in Figure 14b. Note 
that all product terms overlap, but now the circuit is minimal. The 
size of the Karnaugh map has doubled, since we added another 
input. But if we isolate just that portion which corresponds to the 
test input being high, which is the normal operating mode (see 
Figure 14c), it looks exactly like the map of Figure 13a. Of course 
we should expect this, since we do not want the addition of atest 
circuit to affect the basic function. 


= A*B*/TEST 
+ /B*C*/TEST 
+ A‘C 











c. Karnaugh Map Showing Non-Test-Mode Portion 
14099-014A 


Figure 14. Making a Glitch-Free Circuit Testable 


Thus, in general, these types of glitches can be eliminated first by 
adding some redundant logic to get rid of the gaps in the 
Karnaugh map, and then by adding atest input to make the circuit 
testable. 


Testability 


Using Output Enable 


Most state machine PLDs are equipped with an enable pin for 
disabling the outputs. This is a key feature when the circuit board 
is to be tested in a bed-of-nails tester. When the devices driven by 
by the PLD are tested, it is recommended that the PLD be 
disabled so that there is no output level contention. Since the 
enable pin is usually grounded to keep outputs permanently 
enabled, it can instead be made available for use during testing. 


Note that for combinatorial devices, there is generally no output 
enable pin. The disabling feature is instead implemented through 
a product term. This feature is called programmable three-state. 
Designing the part such that the outputs can be disabled during 
bed-of-nails testing is also encouraged for these combinatorial 
designs. 


(eo Bd 


10483A-171 


Figure 15. Untestable combinatorial circuit 
with programmable three-state 


The user must be especially aware of the observability of 
outputs with programmable output three-state. In figure 15, 
input B controls both the basic circuit logic and the three-state 
control logic. Therefore, any function which involves B in a 
LOW state will not be observable, since the output will not be 
on. Figure 16a is a simplified representation of a register 
whose output cannot be observed because the three-state 
buffer is disabled when the output is LOW. Likewise, the cir- 


cuitry in figure 16b cannot be observed when the flip-flop 


output is HIGH. The user must make sure that an output will 
not be disabled when the results of a test are to be observed. 


ane 


a. LOW state observable 





b. HIGH state unobservable 


14099-015A 


Figure 16. Untestable registered output with 
programmable three-state 
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Designing Testable Sequential Circuits 


The design of sequential circuits involves considerations above 
and beyond those required for simple combinatorial circuits. 
Latches and oscillators are circuits which appear combinatorial, 
but which use feedback to introduce sequential properties. State 
machines use flip-flops and feedback to generate what can be 
complex sequential circuits. 


Feedback 


Whereas combinatorial circuits depend only on the conditions of 
present inputs, sequential circuits depend on both present condi- 
tions and past behavior to determine future behavior. This is 
made possible primarily by feedback. Feedback takes an output 
signal and routes it back for use as an input to the same circuit, 
as shown in Figure 17. We now have a situation where an output 
depends on itself; this can introduce new testability problems. 





COMBINATORIAL 
LOGIC 





14099-016A 
Figure 17. Logic with Feedback 


Most sequential circuits (under varying circumstances also called 
state machines, finite state machines, and sequencers) make 
use of flip-flops as memory elements. These memory elements 
serve to remember a past condition (called a state) so that a future 
decision can be made based on it. This state is then fed back as 
input. With PLDs, the flip-flops and combinatorial logic are con- 
tained within a single device, as shown in Figure 18. 





COMBINATORIAL 
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Figure 18. Structure of a Sequential PLD 


Of course, the effects of feedback may have to be considered 
even when there are no flip-flops. The circuit in Figure 17 has 
feedback, but has no flip-flops. Such a circuit will either function 
as a latchor as an oscillator, as will be seen. 


Before we look into the special needs of circuits with feedback, 
bear in mind that all of the testability criteria discussed for 
combinatorial logic still hold. The blocks of combinatorial logic 
shown in Figures 17 and 18 must be testable by themselves. 
What we will discuss here are issues which must be considered 
in addition to the issues involving combinatorial logic. 


Latches 


A combinatorial logic circuit which uses positive feedback is a 
latch. The simplest possible latch is shown in Figure 19a. The 
output is fed back as an input in its TRUE form. This means, of 
course, that the output will stay at its present level; hence the 


name “latch.” 


a. Completely Uncontrollable 


b. Cannot Set Output HIGH 


c. Cannot Reset Output LOW 
14099-018A 


Figure 19. Uncontrollable Latches 


The circuit as shown is clearly not useful, since it will always 
remain in its power-up state. If another input is added, as in Figure 
19b, a HIGH output could be made to go LOW by setting the 
RESET input LOW. However, once the output goes LOW, there is 
no way to make it go HIGH again. Likewise, the circuit could be 
modified as in Figure 19c. Now a LOW output can be made HIGH 
by setting the SET input HIGH. However, once HIGH, the output 
can never be made to go back LOW. 


Controllable latches 
For a latch to be useful, it must be completely controllable. The 
previous latches cannot be completely controlled. In order for a 


latch to be controllable, it must have both SET and RESET 
controls, as shown in Figure 20. 


SET 
RESET 


14099-019A 


Figure 20. A Controllable Latch 
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b. Latch with RESET Only 
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B 
C Y 


c. Latch with SET Only 
14099-020A 


Figure 21. More Complex Latches 


In PLDs, a latch can be detected by simplifying the logic for each 
function. If an output is a function of itself in TRUE form, then it is 
a latch. To be controllable, 


* productterms containing the feedback should have at least one 
other direct input in the product (providing RESET control). 


¢ there should be at least one product term with no feedback 
(providing SET control). 


The circuit in Figure 21a provides an example. At first it is not 
immediately obvious that the circuit is a latch, but when the logic 
is simplified, we see that indeed it is. It is controllable since it has 
both SET and RESET controls. If the logic were as shown in 
Figures 21bor21c, the latch would be uncontrollable under some 
circumstances. 


Latch hazards 


The circuit of Figure 20 can be generalized to have several inputs 
on both the set and reset controls. Such a circuit is shown in 
Figure 22. In this case, we have two inputs on the set AND 
gate. If the two set inputs A and B change from 0 and 1 to 1 and 
0, respectively, then there will be a glitch or a false latch at the 
output if both inputs were 1 at some time during the transition 
(Figure 22). For this transition, it is important to make sure that 
the 1-0 transition be made before the 0-1 transition to avoid 
anomalous output behavior. Merely delaying one input will not 
help, since it will delay both rising and falling transitions. 


Own > 


a. Circuit 





b. Glitch and False Latch 


14099-021A 


Figure 22. A Latch with More Complex SET Logic 


$ 


The simplest solution to this problem is the use of an edge- 
triggered flip-flop to synchronize the signals. This will eliminate 
any such glitches. If a flip-flop cannot be used, it is possible to 
delay reaction to a “11” condition to make sure that such a 
condition is not transitory. A circuit that accomplishes this is 
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shown in Figure 23a. This is relatively efficient in that only one 
delay circuit is required regardless of the number of inputs used 
on the set control (within the limits of the size of the AND gate). It 
will require an extra output on a PAL device. 


DELAY 
GATE 


it 


+1 
Le SET CONTROL 


AND GATE 


a eeem > 


a. Circuit Which Delays "11...1" signals 


TEST 
— X 

A 
B Y 


ob. Testable Delay Circuit 
14099-022A 


Figure 23. Delay Circuit 


This delay circuit will delay the effect of an “11” input by an extra 
propagation delay. However, it also provides a window of one 
propagation delay which will screen out any transitory “11” con- 
ditions that occur within that window. This allows up to one propa- 
gation delay’s worth of skew between inputs during a transition 
from “01” to “10.” 


+4 ge 
NO GLITCH a 


EXTRA DELAY 


c. Latch Circuit Behavior 





Because we have introduced redundancy, the circuit must be 
modified to be testable. If the circuit is implemented in a combi- 
natorial PAL device, then programmable three-state can be used 
to test the circuit, as shown in figure 23b. By enabling output X, 
the redundant circuit can be observed without regard to Y. Then, 
to test Y, output X is disabled and then the pin is used as an input 
to drive the circuitry for Y directly. This provides a simple means 
of testing the circuit, but it only works if pin X can be measured and 
driven. The complete circuit is shown in figure 24a. 


If node X is not so accessible, then additional circuitry and test 


inputs must be added. In the worst case, if node X is completely 
inaccessible, the resulting testable circuit is shown in figure 24b. 


TEST 


a. Complete Latch Circuit 


To control X —»TEST1 
independently \ 
of A and B. TESTO 







CORRECT 
LATCHING 


NO FALSE 


+4), k— 
LATCH Vd 


EXTRA DELAY 
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Figure 24. A Testable Glitch-Free Latch 
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Note that although the three-state capability is not needed, the 
circuit requires two extra gates, and, worst of all, four test inputs. 


Figure 24c shows the behavior of either of the testable glitch-free 
latches. 


Transparent latches 


Many designers like to use PLDs to design standard D-type 
“transparent” latches. A D-type latch is a very simple circuit, 
shown in basic form in Figure 25a. As it turns out, however, this 
is a glitchy circuit of the type discussed in the combinatorial 
section. The problem is compounded in this case, since, giventhe 
right timing, the glitch can actually be latched; the glitching 
problem is no longer transitory. If this type of circuit is desired, it 
must be designed to be both glitch-free and testable; the resultant 
circuit is shown in Figure 25b. 


DATA 


GATE 
OUT 


OUT = GATE*DATA 
+ /GATE*OUT 


a. Glitchy 


GATE OUT 





OUT = GATE*DATA*/TEST 
+ /GATE*OUT */TEST 
+ DATA*OUT 


b. Glitch-Free and Testable 14099-024A 


Figure 25. D-Type Transparent Latches 


Oscillators 


Circuits whose outputs are fed back in TRUE form are latches. If 
the outputs are fed back in COMPLEMENT form, then the circuit 
is an oscillator. A simple oscillator circuit is shown in Figure 26. 


14099-025A 


Figure 26. A Simple Oscillator 


Latches are very often useful in circuits; oscillators rarely are. 
Crystals and other specialized oscillators are useful when it is 
necessary to generate aclock signal, for example. Trying to build 


an oscillator out of standard logic or PLDs will not yield a very 
predictable, accurate oscillator; where these circuits occur, it is 
usually by accident. 


An oscillatory circuit may not always be obvious. It also may not 
oscillate all of the time. The oscillator shown in Figure 26 is 
uncontrollable; it always oscillates. However, just as we can 
design controllable latches, we can also design controllable 
oscillators (on purpose or by accident). This means that there 
may be an oscillator hidden in the circuit which will sometimes 
oscillate and sometimes be stable. Such a circuit is shown in 
Figure 27a. 


X = A*B*Z 
= A*B*D*E 
+ A*B*C*/X 


< 
It 


C*/X 
/A‘C 
/B*C 
C*/D*/Y 
CtE’/Y 
D*E 

Y 

D*E 
/A*C 
/B°C 
CZ 


+i ++ +t 


++ + I 


a. Complete Circuit 


TERM 1 
TERM 1 


X= A*B"D*E 
+ A*B*C*/X 


b. The Equation for X 
14099-026A 


Figure 27. A Conditional Oscillator 


Detecting oscillators 


The oscillator in the circuit is not obvious. But if we simplify the 
logic completely, we can see that output X depends on /X; output 
Y depends on /Y; and output Z depends on /Z. Since the outputs 
are fed back to themselves in COMPLEMENT form, the circuit 
constitutes an oscillator. 


This circuit will sometimes be stable. If we examine the logic 
function determining X, we see that it has two product terms, 
shown in Figure 27b. Term 1 is independent of /X; term 2 is 
dependent on /X. If inputs A, B, D, and E are all TRUE, then term 
1 becomes TRUE, and the output stays HIGH regardless of the 
status of the rest of the circuit. It is thus stable. However, if signals 
D and/or E are LOW, then term 1 will be FALSE. If, at the same 
time, input C is HIGH, then, as long as the output X is LOW, term 
2 will be TRUE, making the output HIGH (which makes the 
product term FALSE, which makes the output LOW, etc.). Thatis, 
the circuit oscillates. 


In this manner, we can identify the conditions under which a 
conditional oscillator will oscillate. The mere presence of an 
oscillator is usually an indication that the circuit needs to be 
changed. It may be that the circuit only oscillates under conditions 
that could never possibly exist. One must be very certain of the 
impossibility of such a condition, however, if a conditional oscilla- 
tor is to be tolerated. In addition, a thorough test sequence will 
usually expose a circuit to conditions that it may never encounter 
in a real system. Thus oscillators may interfere with the test 
process even if they do not disrupt the system. 
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Using a Programmable Clock 


When using the programmable clock on an asynchronous device, 
caution must be exercised with data setup. Refer to figure 28a, 
where Aand B are primary inputs. One setup time (t,) after signal 
A goes active, signal B goes active, clocking signal A into the 
register. In figure 28b, B is a primary input but signal Ais fed back 
from another register. In this case it may be harder to ensure that 
the proper setup time is allowed before signal B is asserted, 
possibly causing improper information to be clocked into the 
register. 


This is a simplified scenario. It does not take into account the 
product term on the clock, which can be programmed with a 





a. Using an input to drive the clock 


combination of any of the array inputs. Acomplex clock term can 
be a hidden source of frequently-violated setup time when feed- 
back terms are used. Always be aware of which input or 
combination of inputs and feedbacks will clock each register, and 
calculate setup time backwards from the last input which will 
assert the clock term. This is the best and probably the easiest 
method for determining when data must be made available at the 
D input of the register. 


This is an important testability issue because with a program- 
mable clock, the tester may no longer be in control of the clock 
timing. Automatic test equipment is capable of handling the 
timing for dedicated clock pins, but the programmable clock 
feature does not allow the tester the luxury of a single controlled 
clock pulse. 


» 





b. Using feedback to drive the clock 
14099-027A 


Figure 28. Using a programmable clock 
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Designing Testable State Machines 


State machines have their own set of controllability issues. These 
essentially boil down to the concepts of initialization and illegal 
states. 


State machine Initialization 


The nature of a state machine is that there is a well-defined 
sequence of states through which the machine will traverse as it 
operates. This implies the existence of a “first” state. Of course, 
these initial states vary from design to design. One obvious 
problem is the fact that many flip-flops — especially older varie- 
ties — do not power up in a predictable state. 


Power-up initialization 


Flip-flops that truly power up into a random state must be 
initialized explicitly. Lately, however, flip-flops have become 
available which have “power-up reset”. This allows the flip-flops 
to power up into a predictable state every time. This is helpful 
when the power-up state also happens to be the initial state. But 
even if itis not the initial state, a predictable initialization sequence 
can bring the state machine into its start-up state. 


Unfortunately, such initialization schemes rely on the ability of the 
device to initialize itself when being powered up. If the system 
needs to be re-initialized, it will have to be completely turned off 
and then turned on again. Anyone who has had to turn off a 
computer in order to reboot will know that this is not an elegant 
way of re-initializing. By building initialization into the design, a 
means of performing a “warm boot” is provided. It is for this 
reason that initialization must be considered along with all other 
aspects of the design. 


Some devices, such as the PAL32VX10/A, the PAL22V10, and 
other PAL devices, have mechanisms specifically designed for 
initializing a state machine. These are usually in the form of global 
preset and reset product terms. By programming the conditions 
for initialization onto such terms, the device can be re-initialized 
at any time. Other devices, like the PLS devices, have pins which 
can be dedicated as preset pins. 


Including initialization in a design 


Some of the simpler devices do not have specific provisions for 
initialization. However, the need is still present in these devices; 
here the initialization should be included in the design. This is a 
very simple process; it can be added in after all of the other design 


details have been worked out. Adding initialization will use up one 
input pin and potentially one product term on some outputs; this 
can affect the choice of device for the design. 


To provide initialization in an otherwise complete design when 
Boolean equations are being used: 


¢ determine the start-up state. 

* assign each bit as being initialized active or inactive, based on 
the desired start-up state. 

* if a bit is to be initialized inactive, add “/INIT” to every product 
term for that bit. 

° if abit is to be initialized active, add one product term consisting 
solely of “INIT.” 


Here we have assumed that the initialization pin has been called 
“INIT.” “Active” would mean HIGH for an active high device; LOW 
for an active low device. “Inactive” is just the reverse. 


The equation in Figure 29a can be initialized inactive as shown 
in Figure 29b, or active as shown in Figure 29c. Initialization is 
accomplished by asserting the INIT pin and clocking once. This 
“cookbook” approach is very reliable. 


Qo = Q1 *Q2 
+ Q2°/Q3 


a. Uninitializable 


Q0:= Q1°Q2*/INIT 
+ Q2°/Q3*/INIT 


b. {nitialized Inactive 


Q0:= Q1*Q2 
+ Q2°/Q3 
+ INIT 


c. Initialized Active 
14099-028A 


Figure 29. Designing in Initialization 


PALASM software also makes it possible to design state ma- 
chines with a special syntax which essentially allows the state 
diagram to be transferred directly into a design file. For devices 
which have no dedicated initialization features, the initialization 
branches should be explicitly built into the state diagram. The 
software then performs the remainder of the processing needed. 
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Illegal states 


Astate machine is formed by using a set of flip-flops to remember 
states, and assigning a code to each state. Since there are 2" 
different codes that can be assigned to a group of n flip-flops, 
there is a good chance that some codes may not be used. For 
example, if a state machine is to have 6 states, 2 flip-flops will not 
be sufficient; 3 are needed. But 3 flip-flops allow 8 states, which 
will result in 2 unused states (see Figure 30). 


? 


SC OQ 


Figure 30. Illegal States 
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Assuming that the state machine has been designed correctly, 
there is no reason why these extra states should ever be entered; 
therefore they are called “illegal” states. Unfortunately, situations 
do occur, thanks to noise and other unpredictable occurrences, 
which result in the state machine being in an illegal state. When 
this happens, the immediate need is to return to a normal 
sequence of states: there must be a predictable means of getting 
from any illegal states into a legal state. 


Illegal state recovery is a controllability issue which actually 
affects functionality more than it affects testability. But the con- 
cepts used for functionality and testing are so closely related that 
it is worth treating here. 


Recovering from illegal states 
There are three basic ways to get out of an illegal state: 


* re-initialize 

* make sure that one can continue clocking until the machine 
recovers 

design the machine such that the start-up state is reached from 
any illegal state in one clock cycle, independent of any condi- 
tional inputs 


Of course, re-initializing will take the machine back into its start- 
up state from any state, legal or illegal (Figure 31). The disadvan- 
tage here is that outside control is needed to force initialization. 


Very often, a path will exist which eventually takes the state 
machine back into a normal sequence (Figure 32). These paths 
are not usually designed in; they just happen to be there. In fact, 
if D-type flip-flops are used, it is surprisingly difficult to get a 
“closed” set of illegal states (that is, a set such that once one of 
the illegal states is entered, the machine will forever remain in 
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Figure 31. Using Initialization to Recover 
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Figure 32. Cycling Back to a Legal State 


illegal states) by accident. In most cases, there will be a path 
which eventually leads back to a legal state. In these cases, 
merely clocking enough times will cause the machine to recover. 


The drawback here is that one does not know ahead of time how 
many clock cycles will be needed. This necessitates some built- 
in way of knowing just when a legal state has been re-entered. 
And once that state has been reached, further cycling may be 
needed to get to a point where operation can resume. 


Designing-in one-step recovery 


The most predictable way of dealing with illegal states is to 
provide a one-step path back to a legal state. Depending on the 
state desired, more or less work may be involved to do this. For 
PAL devices, we can consider three cases: 


« all illegal states go to state 00...0 
* all illegal states go to one state other than 00...0 
¢ each illegal state goes to some legal state 


The cause of poor illegal state recovery can be illustrated concep- 
tually with Karnaugh maps (although realistically, Karnaugh 
maps are often not used). When calculating the equations for a 
particular bit, it is tempting to use Don’t Care cells from the 
Karnaugh map (Figure 33) to simplify the logic. The success of 
illegal state recovery depends on how these Don’t Care cells are 
treated. 
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DON'T CARE 
#— CELLS CORRESPOND 
TO ILLEGAL STATES 





14099-032A 
Figure 33. Illegal State 


Recovering into state 00...0 


This is the simplest case; it is illustrated in Figure 34. It is 
accomplished by not using any illegal states to generate the logic 
for any of the bits. Since most PAL devices have only D-type flip- 
flops, a bit will go HIGH only as a result of legal states. Any illegal 
states will cause all bits to be LOW. 


a. State Diagram 





b. Karnaugh Map 


14099-033A 
Figure 34. Recovering to State 0...0 


This procedure does not work when J-K or T-type flip-flops are 
used. In fact, it is deadly. Whereas a D-type flip-flop defaults to 
LOW, J-K and T-type flip-flops hold their present state as a 
default. Thus if illegal states are not considered in the transfer 
functions, an illegal state will cause the state machine to be locked 
up in that state. 


Recovering into one fixed state 


This case is shown in Figure 35a. The procedure can be illus- 
trated conceptually with a Karnaugh map. It must first be decided 
which legal state will be entered, and the resultant value of each 





a. State Diagram 





c. Bit Qn Recovers to 0 











Gana 
oye 


d. Bit Qn Recovers to 1 14099-034A 


Figure 35. Recovering to a State Other Than 0...0 
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state bit. The Don’t Care cells for each bit are then filled with the 
corresponding next state bit value; if the next state for a bit is to 
be 1, then Don’t Care cells are filled with 1’s for that bit’s Karnaugh 
map; the procedure for a 0-bit is analogous. The equations are 
now taken by including either all Don’t Care cells if filled with 1’s, 
or none of them if filled with 0’s. This procedure is illustrated in 
Figures 35b, c, and d. 


When Karnaugh maps are not used, the same result can be 
obtained by explicitly considering all illegal states. When calculat- 
ing the Boolean equations for: 


¢ a bit that will be 0 after recovery, no illegal states should be 
included. 


* a bit that will be 1 after recovery, ail illegal states should be 
included. 


When J-K flip-flops are used, then the transfer function for either 
J or K — but not both — will include ail illegal states. 


¢ If a bit is to be HIGH after recovery, J should account for all 
illegal states; K should account for none. 


« If a bit is to be LOW after recovery, K should account for all 
illegal states; J should account for none. 


This must be done explicitly for J-K flip-flops even if state 0...0 is 
the recovery state. 


When T-type flip-flops are used, there is no easy way out; any 
recovery must be explicitly designed-in as part of the original 
function. 


Recovering Into Any Legal State 


The third case allows one to fill in the Don’t Care cells of a 
Karnaugh map in such a way that some legal next state is always 
reached inoneclock cycle, but such that the 1’s and 0’s are placed 
to keep the logic functions simple. This is shown in Figure 36. The 
disadvantage here is that since different illegal states result in a 
different legal state, some additional cycling may be required to 
allow operation to resume. 


When Karnaugh maps are not used, this can be implemented 
more simply by explicitly including the illegal states as part of the 
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b. Karnaugh Map 
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Figure 36. Recovery Such That Logic Functions Are As 
Simple As Possible 


complete state diagram. This is especially simple if the state 
machine input format for PALASM software is being used. 


Default transitions 


In PLS devices, the complement array can serve as a way of 
recovering from illegal states. In adesign, only legal branches are 
defined. When in an illegal state, since no legal branch is active, 
the complement array is activated, allowing for some default state 
to be reached. 
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Testing illegal state recovery 


One of the difficulties of designing illegal state recovery into a 
circuit is the fact that it is difficult to test. Because the state is 
illegal, it is impossible to force the circuit into such a state. The use 
of register preload circumvents this problem. With preload, any 
state — legal or illegal — can be loaded into the register. If an 
illegal state is loaded, then the circuit can be tested to verify that 
correct recovery does indeed occur. 


The use of preload must be considered carefully with devices 
having programmable asynchronous preset and reset features. If 
these are driven by feedback from an output, then situations can 
occur where preloading one state immediately causes a preset or 
reset to the opposite state (Figure 37). There are two alternatives: 
either avoid preloading such states, or include a control input in 
the preset and/or reset product terms which can disable the 
feature when testing. 





Cannot Preload 0 


Stable 


Stable Case: Can preload any state 
Other Cases: Preloading any state will cause PRESET 
or RESET to opposite state. 


14099-036A 


Figure 37. Preloading Registers with PRESET and RESET 
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Designing for Testability With SSR™ 
Diagnostics 


Today’s more complex circuits and systems are becoming pro- 
hibitively expensive to test using standard methods. Serial 
Shadow Register (SSR) diagnostics (also referred to as Diagnos- 
tics-On-Chip™ , or DOC™) is a test feature provided in several of 
Advanced Micro Devices’ chips as a means of increasing testa- 
bility at the system, board, and chip levels. SSR is especially 
useful in the Am29CPL151 and Am29CPL154 sequencers. 





REGISTER 





REGISTER 






REGISTER 





a. Standard Sequential Logic 


SSR Architecture 


Testability consists of two basic elements: controllability and 
observability. In a sequential (registered) system, these two 
elements are lost when a register is not directly accessible. In 
Figure 38a, the first register is not observable and the last register 
is not controllable. Figure 38b shows that the addition of a scan 
path through each register, as in the SSR method, provides the 
direct access for controllability and observability, which ensures 
complete testability. 






LOGIC 


REGISTER 
LOGIC 
REGISTER e | 
; LOGIC 
REGISTER oak 


b. Sequential Logic with a Scan Path 





SDI 









SDO 
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Figure 38. Testability Can Be Increased by Providing Direct Access to All Registers 
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The heart of the SSR circuitry is the shadow register (see Figure Input is SDI, and the Serial Data Output is SDO. The pipeline 
39). The shadow register is a serial/parallel register, equivalent in register can operate at the same time while MODE is LOW. 
length to the pipeline register. It is called a shadow register 

because it is invisible to the device during normal operation. It is In diagnostic mode (MODE is HIGH), the shadow register oper- 
clocked by its own clock input, DCLK. ates as aparallel register (see Figure 41). Itcan be parallel loaded 


from or to the pipeline register by clocking the receiving register. 
In normal mode (MODE input is LOW), the shadow register A swap can be performed by clocking both at the same time. 
operates as aserial shift register (see Figure 40). The Serial Data 














Address 
DCLK | SDI 
i Ae 
MODE = LOW 
MODE To 
Multiplexer Addieee 
To Sequencer 
Address 
CLK > Pipeline | Sequencer CLK 
Register 
16 
14099-039A 
14099-038A 
Figure 40. The Shadow Register Operates as an 
Figure 39. SSR Circuitry in the Am29CPL151 Independent Shift Register when MODE is LOW 
Shadow 
MODE = HIGH 
Pipeline | 
14099-040A 


Figure 41. The Shadow Register Can Parallel Transfer its Contents to and from the Pipeline Register when MODE is HIGH 
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INPUTS” OUTPUTS 


woos [ so | ook 
si 


Pn <— PROM HOLD So Load pipeline register from EPROM array 
Sn-1 — Sn 
HOLD $31 <— SDI SO Shift shadow register data 


L X 


Sn-1 — Sn Load pipeline register from EPROM array 
Pn <— PROM | S31 <— SDI SO while shifting shadow register data 


HOLD Load pipeline register from shadow register 
Sn<— Qn Load shadow register from pipeline register 


HOLD No operationt 





* Clock must be steady or falling. 
+ Reserved operaton for ‘818 8-Bit Diagnostic Register. 


Figure 42. SSR Diagnostics Function Table 


All of the functions of the SSR circuitry are described in the CLK 
function table (Figure 42). 


SSR allows access to all 32 pipeline flip-flops inthe Am29CPL151 SDI 
through the serial path, requiring only four pins. A programmable 
option allows the four SSR control pins to be used. Pins CC, 
ZERO, P[7], and P[6] become SDI, SDO, DCLK, and MODE, = ope 
respectively. These four pins can be controlled directly, orcanbe pcLk 





connected to other SSR circuits in series. A series connection of 14099-041A 

several SSR circuits allows the same four signals to address an Figure 43. Example Architecture for Use of System-Level 

unlimited number of flip-flops on a board or system (Figure 43). Diagnostics 

A typical test would be performed as follows: 4. Test results parallel transferred to shadow register(s) 

1. Test vector shifted into shadow register(s) 5. Test results shifted out of shadow register(s) 

2. Test vector parallel transferred to pipeline register(s) Note that while shifting, the system can return to normal opera- 
tion. In addition, while test results are being shifted out, anewtest 

3. Device/system clocked desired number of times to run test vector can be shifted in. 


DIAGNOSTIC CONTROLLER DIAGNOSABLE SYSTEM 


: 7 — : DIAGNOSTIC | 
z ; [ | 2 DIAGNOSTIC 
| SS LR NLL 


| } DIAGNOSTIC | 
PROGRAM : SLAVE PORT 
EPROM : fice Se 
; *e 
| DIAGNOSTIC 
SLAVE PORT 


14099-042A 
Figure 44. Example Architecture for Use of System-Level Diagnostics 
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System-Level Testing 


At the system level, SSR provides the ability for a diagnostic con- 
troller to monitor the interior status of a system. The diagnostic 
controller could control several scan loops, selecting the loops 
required for the test needed (Figure 44). 


However, many key products, such as microprocessors, are not 
available with the SSR function and cannot be part of the scan 
path. This limits the use of SSR for full system-level testing to 
selected manufacturers who can use this additional testability as 
an enhanceement to a larger system-level testability strategy. 


In addition, little support is available for writing the test vectors that 
can be run through the SSR scan path. The software that is 
available is expensive and runs on large computers only. This is 
another factor that limits the use of SSR ona system level. On the 
board or chip levels, however, test vectors are much easier to 
generate and can even be found by running vectors through a 
known good unit. 


A complete system-level test would require that most of the 


devices inthe system incorporate SSR circuitry. Other devices 
in the SSR family are shown in Figure 45. Devices with circuitry 


DESCRIPTION 
512-state sequencer 


PART NUMBER 
Am29CPL151 
Am29CPL154 


Am27S85/A 


16-K Diagnostic PROM 


Am29818 


Figure 45. SSR Products Family 





equivalent to the SSR format are available from several other 
suppliers as well. Also, many gate array and standard cell manu- 
facturers offer standard functions similar to the SSR scan path 
and can easily be included in custom designs, including boundary 
scan. 


Board-Level Testing 


SSR in the Am29CPL151/4 is especially useful at the board, or 
functional, level. The Am29CPL151/4 will usually form the heart 
of a function, such as a peripheral controller. In addition, it often 
will serve to off-load the main Central Processing Unit (CPU) and 
be partially controlled by the CPU. SSR allows direct control of the 
Am29CPL151/4 device, bypassing a difficult-to-control CPU and 
taking command of whatever function the Am29CPL151/4 per- 
forms (Figure 46). Here, on-board diagnostics can be easily done 
with the Am29CPL151/4. The alternative is to dedicate edge- 
connector signals to the SSR path. 


The SSR circuitry provides access to the Am29CPL151/4’s pipe- 
line register. This can be used to set the outputs to a given state, 
in order to test the effect on the devices surrounding the 
Am29CPL151/4. Or, the pipeline register can be set to a given 
state and then left to run freely, to verify functionality. If combined 
with control of the device inputs, the sequencer can be stepped 
through a number of states, to test the response of the surround- 
ing logic. This is especially useful for bed-of-nails board-level 
testing; the Am29CPL151/4 can be tested completely without 
having to be backdriven. 


Device-Level Testing 


On the device level, the SSR circuitry effectively provides a 
preload function for the register. Instead of loading the register 
from the outputs, as with standard PAL devices, the register is 
preloaded from the shadow register. Preload is necessary. for 
testing the device functionality, since the buried flip-flops must be 
set to a known condition before the device can be tested. 





Data Bus 





(| ~SsParallel-to 
Address Bus Serial 
(Converter 




















Am29CPL151/4 Disk Drive 


MRK RM KM MRM MN RIN 
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Figure 46. SSR Allows Direct Access to Peripheral Elements In a System, Bypassing the CPU 
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The SSR circuitry allows more than just a preload equivalent, the inputs, clocking the device, and then observing the resulting 
however. It also allows observation of the pipeline register, which state in the pipeline register. State transitions which do not result 
contains all of the state information. Thus, an individual state in a change in outputs are thus easily tested (Figure 47). 


transition may be tested by preloading the desired state, setting 





14099-044A 


Figure 47. Buried Flip-Flop Observability Is Required to Verify the Transition from A to B. 
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Using Test Vectors 


Digital systems are generally tested by applying a sequence of 
test vectors. A test vector is a group of signals which are applied 
(forced) and measured (sensed) on a device or a board. The 
vector thus defines all inputs and expected outputs for a given 
test. As we have noted, the sequence of tests performed greatly 
affects the quality of the overall tests, as measured by the fault 
coverage. 


In general, we can talk in terms of three kinds of vectors. 
Simulation (or application) vectors, functional test vectors and 
Signature test vectors. 


Simulation vectors are generated during the design process. 
Their main purpose is to help the designer verify that the design 
has beencorrectly implemented. They represent the way in which 
the circuit was intended to operate. When PALASM software (or 
almost any other PLD design software package) is used, simula- 
tion may be performed prior to programming a device. The 
software simulates the operation of the circuit, and then gener- 
ates vectors from the simulation, adding the vectors to the JEDEC 
file. These vectors can then be used for testing by programmers 
that have the capability of performing functional tests. 


While simulation vectors may be adequate for verifying that the 
design is operating as expected, they generally do not provide 
very extensive test coverage. For this reason, we distinguish 
functional test vectors from simulation vectors. 


It is very difficult to generate a complete set of functional test 
vectors by hand; computer programs are generally used instead. 
The simulation vectors are often used as a basis for generating 
a more comprehensive set of functional test vectors; in this 
capacity, the simulation vectors serve as seed vectors. There are 
many programs which perform this function although many of the 
programs require larger computers and take a long time to run. 
AMD also generates functional test vectors for patterns that are 
used in ProPAL and HAL devices. 


More recently, programs which run on the IBM PC-compatible 
computers have been developed to generate vectors for use in 


testing PLDs. Most well-known among these are PLDtest™ from 
Data I/O Corp., and Anvil ATG™ software. These programs use 


TYPE OF VECTOR 





Simulation 


the programming information in the JEDEC file to generate tests. 


On most patterns, they can generate test sequences of high 
quality. If complex internal feedback is used in a particular design, 
then some manual test generation may still be needed to improve 
the test coverage. Both of these programs support the use of 
register preload for initializing states; the Anvil and PLDtest Plus 
packages can also generate tests for devices which do not have 
the preload feature. 


While functional! vectors provide more extensive tests, they may 
not exercise the circuit in the manner in which it was meant to be 
used. Thus, for example, a conditional oscillator in a circuit (as 
discussed previously) may not be a problem during simulation, 
since the conditions causing oscillation are not thought to be 
possible by the designer. However, the functional vectors willtake 
all situations (some of which may not be physically possible) into 
account in the tests. Thus more subtle design problems may 
become apparent when functional test vectors are generated. 


Signature vectors are random vectors which are first applied to a 
device which is known to be good in order to generate a “signa- 
ture”. This same set of vectors is then applied to a device of 
unknown quality; if the same signature results, the device is said 
to be good; if a different signature results, then the device is 
assumed to be faulty. 


Signature vectors can vary greatly inthe quality of testing they can 
provide. Since they are generated with no knowledge of the circuit 
being tested, many more vectors must be used to perform agood 
test. The quality of the test depends on the circuit being tested, the 
number of vectors used, the speed with which the tests are 
applied, and the algorithm used to generate the vectors. The 
tester must also be able to apply a preload sequence to devices 
that have registers; otherwise two devices may power up into two 
different states. In that case, both devices will generate different 
signatures even if both are good devices. 


Quality signature testing can be very cost effective, since no 
advance knowledge of a device pattern is needed. This reduces 
the amount of resources that must be dedicated to test vector 
generation. 


The different types of vectors are summarized in Table 1 below. 


PURPOSE GENERATED BY: 





Used for verifying whether or not 
a design will operate as expected 
when implemented. 


(Application) 


Functional Used for verifying that 
a device is operating 
correctly. 
Signature Used for verifying that a device 


is operating correctly without 
functional vectors. 





Table 1. Test vectors 


Sequence defined by the design engineer, 
usually by hand. Actual vectors generated 
by design software, placed in the JEDEC file. 


Usually generated by a computer program 
such as PLDtest or Anvil ATG. The simulation 
vectors can be used as seed vectors 


The tester generates the 
test sequence during the test. 
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SUMMARY 


The time to start considering ways of testing acircuit is before the 
circuit has been designed. The key to testability lies in the way the 
circuit is implemented. 


Basic combinatorial logic can be made completely testable sim- 
ply by minimizing logic. It is not even necessary to analyze the 
circuit for redundancy or reconvergent fanout; automatically 
minimizing ali logic will eliminate any occurrences. 


Where a sequential circuit is generated from simple feedback 
paths in the logic, the circuit must be analyzed as a combinatorial 
circuit. All combinatorial logic must be included to determine 
whether the circuit is a latch or an oscillator. If a latch is desired, 
it should be completely controllable. If an oscillator is found, it is 
probably not desired, and will generally indicate a mistake in the 
design. If a conditional oscillator is to be tolerated, one must be 
sure that the oscillation conditions can never occur, and that the 
test procedure will not cause oscillation. 


In general, combinatorial circuits should be analyzed completely 
for the presence of latches and oscillators (wanted or unwanted). 
This can be done by simplifying each combinatorial logic block to 
see whether any signal ultimately depends on itself. 


When the sequential nature of a circuit is derived through the use 
of flip-flops to generate a state machine, the two key issues are 
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initialization and illegal state recovery. A combination of device 
features and careful circuit design will yield circuits that can 
behave predictably even in unexpected situations. 


SSR is a testability feature that is useful in the Am29CPL151/4; 
it may be used on multiple levels: system, board, and chip. While 
the system-level uses may be restricted by the limited availability 
of support products, the board or functional-level uses are excep- 
tionally handy when the Am29CPL151/4 acts as a local controller. 
And on the device level, the SSR circuitry provides a means of 
accessing the buried flip-flops within the device for functional 
testing. 


It is important to analyze the testability of a circuit before commit- 
ting it too far. Thus any changes can be made early on. In 
particular, if the test analysis software points out any logic 
hazards in your circuit, you can easily remedy them by modifying 
the design. 


These simple steps, taken early in the design phase, can help 
avoid later redesigns, and ultimately provide a higher quality 
system. 


Finally, the ultimate test quality depends also on the quality of the 
test sequence used for production, functional test vectors and 
high quality signature tests will provide you with the highest 
confidence in the quality of your system. 


PLDtest Plus™ and PLDtest™ 


Data I/O 
Corporation 





INTRODUCTION 


Data !/O Corporation currently offers two PLD (pro- 
grammablie logic device) testing tools, PLDtest Plus and 
PLDtest. These tools are both capable of automatic test 
vecior generation (ATVG) used in testing of manufactur- 
ing defects in PLDs and for performing design-for-tes- 
tability (DFT) analysis. PLDtest has been in existence 





DESIGN 
(w/DFT) 


TESTABILITY 
ANALYSIS 


TEST 
GENERATION 






TEST 
EVALUATION 
(fault 
simulation) 








TARGET 
COVERAGE 
REACHED? 





TEST 
APPLICATION 
(production test) 





for several years and is primarily used for preloadable 
and combinatorial PLDs, while PLDtest Plus, introduced 
in April of 1989, is used for both non-preloadable and 
preloadable devices. PLDtest Plus contains all the fea- 
tures found in PLDtest, with additional features required 
for in-circuit testing. This makes PLDiest Plus useful for 
both component-level and board-level testing of PLDs. 
With extensive DFT features, PLDtest Plus and PLDtest 
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Figure 1. Design and Test Development Activities 
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PLDtest Pius and PLDtest 





are valuable tools for test and design engineers working 
with PLDs to meet the product quality objectives as well 
as to reduce management's concern over high costs in 
testing. 


Where do PLDtest Plus and PLDtest fit in the design cy- 
cle? As shown in Figure 1, both tools can be used in the 
design phase, the prototype verification phase, and the 
testing phase of a product’s life-cycle. In the early de- 
sign phase, PLDtest Plus and PLDtest analyze the tes- 
tability of the design by fault grading the design 
engineers seed (design verification) vectors. This 
analysis determines fault coverage and identifies untes- 
table faults, as well as portions of the design with low 
testability. The result of this analysis can be used as an 
aid in redesign for testability. Seed vectors can also be 
corrected automatically to ensure all test vectors work 
correctly. Fault grading is the function that PLDtest Plus 
performs to determine the exact amount of device test 
coverage provided by the user-supplied seed vectors. 
Fault coverage is a measure of how effective a set of test 
vectors is in detecting potential faults in a PLD. 


Inthe prototype verification and testing phases, PLDtest 
Plus provides meaningful fault coverage when generat- 
ing test vectors for all PLDs, including preloadable and 
non-preloadable PLDs, and PLDs that power up to 
known and unknown states. A powerful initialization 
algorithm is used to drive all initializable devices to a 
known state from any power-up states so that maximum 
testability can be achieved for both component and in- 
circuit testing. | 


PLD Design 
Software 
(FutureDesigner, 
ABEL) 


Fault Grading 


Testability Analysis | 


GENERAL DESCRIPTION 


PLDtest Plus and PLDtest accept files in the industry- 
standard JEDEC 3A format as input. The only informa- 
tion needed from the user is the fuse map of the PLD 
used. The output format produced by PLDtest Plus and 
PLDtest include both the JEDEC 3A format and the 
ABEL “include” format. As indicated in Figure 2, inter- 
faces with industry-standard logic programmers and 
ATEs are also provided for functional testing as well as 
AC and DC parametric testing. 


Currently these tools run on a variety of hardware plat- 
forms and operating systems including MS-DOS™, PC- 
DOS, VAX®-VMS®, SUN-3/4™, and Apollo®/Mentor™. 


PLDtest Plus and PLDtest perform automatic test vector 
generation, fault grading, and testability analysis of the 
device under design or test. PLDtest Plus and PLDtest 
support a wide selection of devices, including the most 
popular non-preloadable registered devices, preload- 
able registered devices, and combinatorial devices. For 
a PLD design and device, with or without the preload- 
able feature, PLDtest Plus will: 


e Determine how many possible faults there are in 
the device. 


e Determine how many of those faults can be 
tested. : 


e Generate automatically the best set of minimum- 
length vectors to test those faults. 


In-Circuit Board Tester 


Translator 
(TesterLink) 


Programmed 
Device 


Logic 
Programmer 
(UniSite) 





Figure 2. PLDtest Plus Interfaces with Industry-standard Logic Programmers and ATEs 
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e Generate the best set of test vectors in minimum 
real time. 


e Provide a true and meaningful indication of fault 
coverage. 


For designers, PLDtest Plus analyzes the testability of a 
circuit design and identifies untestable portions. For test 
engineers, it verifies that each programmed device is an 
accurate copy of the master. 


Automatic Test Vector Generation 


PLDtest Plus, using advanced and efficient algorithms, 
accelerates the generation of test vectors from days to 
minutes. PLDtest Plus supplements user-supplied test 
vectors or creates new test vectors, as required to 
achieve the maximum test coverage for the design, and 
for the targeted device. 


Fault Grading 


Fault grading determines how many points in the device 
could potentially fail when programmed with the in- 
tended design. Potential failures in PLDs are classified 
as device faults, parametric faults, or logic design faults. 
Device faults associated with the device’s silicon 
elements are identified by PLDtest Plus in an output 
listing. The design faults can include fuses, the AND 
array, the OR array, input/output drivers/buffers, and 
registers. Any potential faults that go undetected by test 
vectors are also listed. Undetected faults require the 
generation of additional test vectors or possibly 
redesigning the logic equations for testability. 


Design for Testability 


Both PLDtest Plus and PLDtest contain design for tes- 
tability features. The program will report if oscillation or 
race and hazard conditions are detected in the design. If 
there is low fault coverage, you can run an option to de- 
tect and report illegal states. If no illegal states exist, 
then low coverage is due to logic redundancy, oscilla- 
tion, or a race and hazard condition. You can check the 
equations generated for the product terms to determine 
untested product terms. A modification of the design 
may be necessary to achieve higher fault coverage. 


An option is available to automatically correct user- 
supplied seed vectors. If seed vectors are included, you 
can specify whether or not you want PLDtest Plus to cor- 
rect faulty vectors. The initialization algorithm built into 
the program initializes registered non-preloadable de- 
vices to a known state from any unknown state for test- 
ing. It can also detect non-initializable designs and 
generate vectors from power-up states of all-high or all- 
low. Other design-for-testability features include print- 
out of Boolean equations, testability per product terms, 
and illegal states in finite state machines (FSMs). 


UNDERSTANDING AND USING PLDtest 
PLUS AND PLDtest 


Fault Coverage and Fault Grading 


The fault coverage reported by PLDtest Plus is the per- 
centage of faults detected among all potential faults. 
The fault coverage can be used to measure the design 
for testability of the design. PLDtest Plus performs fault 
grading by using a fault model, and produces detailed 
documentation that shows specifically which test vec- 
tors test which faults for Stuck at 1 conditions and Stuck 
at 0 conditions. Figure 3 is an example of the report file 
produced by PLDtest Plus. 


The report file includes information such as the input file 
name and the device type. If you were generating new 
test vectors along with fault grading, it will tell you if you 
included the seed vectors or if you generated a com- 
plete new set of vectors. It will also tell you if the program 
generated test vectors for a preloadable or non- 
preloadable PLD, and if non-preloadable, then what 
state was specified for the output registers to power up 
to; high, low or unknown. Next in the report file is a sum- 
mary of the potential faults located within the device 
(how many fuses were left intact along which a signal 
can pass from input to output) and how many were de- 
tected by the test vectors, how many seed vectors and 
how many new vectors were generated. 


Later in the output file is a detailed list of which vectors 
covered which fuses for stuck at conditions of stuck-at-0 
and stuck-at-1. If PLDtest Plus or the user-supplied 
seed vectors detected 100% fault coverage, each fuse 
used in the device would be listed twice; once for a 
stuck-at-1 Condition and once for a stuck-at-0 condition. 
Any fuses not detected by a test vector for one of the 
stuck at conditions would be listed under Undetected 
Faults in the report file. So how do these report files re- 
late to actual fuse maps in the JEDEC. Look at the im- 
plementation of a design to find out. Figure 4 is an 
ABEL™ source file for a test case that uses only one out- 
put and two inputs. 


Figure 5 shows how the equation !Out := (A & !Out) #(A 
& B) gets mapped into the device. In this example the 
output “Out” is connected to pin 19 and the inputs “A” 
and “B” are connected to pins 2 and 3. Figure 3 shows 
that pin 2 connects to the first two columns, the nonin- 
verting to column 0 and the inverting to column 1. Pin 19 
feedback, which is considered an input, connects to the 
next two columns, the noninverting to column 2 and the 
inverting to column 3. Pin 3 connects to the next pair of 
columns, the noninverting to column 4 and the inverting 
to column 5. This device can use up to a maximum of 16 
inputs at a time for each product term. The example also 
shows that there are eight possible product terms, or OR 
terms, which can be used for each output. 
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PLDtest Plus Version 1.12 


om mee menaie aman severe Sem a> Simeats weamas GNM SIND capunas SONRD ENON comene ee GaTS GENE SEARS ASE SRN SUIS uP Ne SONS SNES ONS Geto SEERA ONE SED GORLLID ROTES SNOT CONES STS AOD GUNNS CNS STU eeED eS RED NNT SNL SORE GED SEND METAS COMED ED SONNY SEED et 
Se Se Sel Se SS ee Sones See See Sere Se See eee ames ee Se eS NS SS SS SS ST A A A A A A A A Se SL A A A A A Se A A a SA OO So Se a Se SS ee SA ATT 


PLDtest Plus Setup Configuration... 

Input file: RMICZO.JED 

Device type: P16R4 

Including seed vectors. 

Determine fault coverage of seed vectors. 
Generating test vectors for non-preloadable device. 
Power up state of registers will be all Low’s. 


Output file: RMICZO.JDN 

Report file: RMICZO.RPT 
Summary 

'Pinl5 = ((!( !t(pin2) [*] 


# PinlS QN) [*] )); 

'Pinlé = ((!( !(Pin2) & !(Pinl5_QN) [*] 
# !(Pinl6 QN) & !(Pin15 QN) [*] 

# Pin2 & Pinl6 QN & Pin15 QN) [*] )); 
* = Full Testability 

No Illegal Register States discovered. 


Fault coverage: 100.0% 
Seed Vector Coverage: 0.0% 
Detected faults: 18 Seed vectors: 0 
Undetected faults: 0 Generated vectors: 13 
Total known faults: 18 Total vector count: 13 


Circuit is initializable. 
Initialization vector sequence: 
V0001 COXXXXXXXNO0OZZHLXHZZN 
V0002 COXXXXXXXN0OZZHLLHZZN 
PLDtest Plus complete. Time: 0:00:05 
Detected Faults 
Generated Vectors 


Vector 1 
S-A-0 fuse: 832 846 850 1074 
Pin Number: 16 16 16 15 
Vector 2 
S-A-0 fuse: 783 787 
Pin Number: 16 16 
S-A-1 fuse: 1025 1074 
Pin Number: 15 5 
Vector 3 
Vector 4 
S-A-1 fuse: 787 846 
Pin Number: 16 16 
Vector 5 
S-A-1 fuse: 783 801 #£=850 
Pin Number: 16 16 16 
Vector 6 
Vector 7 
Vector 8 
S-A-1 fuse: 819 
Pin Number: 16 

Edited 
Vector 13 
S-A-1 fuse: 832 
Pin Number: 16 


Undetected Faults 


Figure 3. Sample Report File 
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module fault flag '’-r3’; 


title ’Example to demonstrate PLDtest Plus fault model’ 


ul device '’p16r8’; 
A,B,OUT pin 2,3,19; 


equations 
'OUT := (A & !OUT) # (A & B); 
end 


Figure 4. ABEL Source File 
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Figure 5. {OUT:= (A & !OUT) #(A & B) Equation as Mapped into a 16R8 





The first term is actually the first OR term in the equa- 
tion, A & !Out. That means that the first and the fourth 
fuses are left intact and all the rest in this row are 
opened. This leaves the noninverting input from pin 2 
(fuse 0) and the inverting feedback from pin 19, !Q (fuse 
3), connected to this product term. The secondterm, A& 
B, gets mapped into the second product term; “A” again 
in the first column (fuse 32), and the B in the fifth column 
(fuse 36). 


As the report file in Figure 3 shows, there is 100% fault 
detection. The generated vectors test two types of po- 
tential faults ina PLD. By “potential faults,” we mean all 
those faults that can occur ina PLD due to its manufac- 
turing process or any other reasons. They do not neces- 
sarily occur in a given device, but PLDtest Plus 
generates vectors to detect them if they do occur. in 
other words, each intact fuse along these critical paths, 
or paths which signals can take to get from the input to 
the output, gets tested twice, once for a stuck-at-0 and 
once fora stuck-at-1. The report file tells us that test vec- 
tor number 1 tests fuses 32 and 36 for a stuck-at-0 con- 
dition. Test vector 3 tests fuse numbers 0 and 32 for 
stuck-at-1 conditions, vector 6 tests fuses 0 and 3 for 
stuck-at-0 conditions and vector 9 tests fuses 3 and 36 
for stuck-at-1 Conditions. The faults associated with the 
inputs and outputs of the AND gates and the OR gates, 
tristates and registers along the output path are equiva- 
lent to the stuck-at-faults for these fuses (i.e., they can 
be detected by applying inputs to detected faults associ- 
ated with a fuse and see the results at an output pin). 


What about the rest of the fuses which were opened in 
each product term that is being used, how do we test 
those? There are four possible cases to consider. First, 
a blown fuse is actually intact and connected to Vec. This 
is aminor case as unused inputs are pulled high anyway 
for unused AND gate inputs. Second, an opened fuse is 
connected and tied to ground. This is equivalent to a 
stuck-at-0 fault. These faults will be detected because 
as long as we generate enough vectors to test even one 
used AND gate, or toggle the output once, we have en- 
sured that no opened fuse is actually intact and tied to 
ground. If there was an unused fuse tied to ground, the 
output could never toggle. 


The last two cases are where the unused and opened 
fuse is actually left intact and tied to the input pin or the 
inversion of the input pin. The test vectors will test one of 
these two cases. Even if a “don’t care” condition existed 
on all of the unused inputs, there would be an actual 
value, either a logic 1 or a logic 0, placed on these pins 
during software simulation, and by the actual device 
tester. Since the value placed on these pins by the de- 
vice tester is unknown, it is unknown which condition will 
be tested, the pin itself or its inversion; but one of the two 
will be tested. The end result is that we test 75% of the 
unused fuses in the used product terms. In the cases 
that we can't test, where an unused and opened fuse is 
actually left intact and tied to the input pin, or the inver- 
sion of the input pin, there is an excellent chance thatthe 
fuse verify will catch it anyway if you are using a Data I/O 
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programmer, since these programmers run the fuse 
verification automatically. 


initialization 


PLDtest Plus generates test vectors that can be used by 
a programmer and/or a board tester to detect manufac- 
turing and component defects in PLDs. Non- 
preloadable PLDs can be broken down further into 
devices in which the output registers power up to a 
known state of all logic 1’s or 0’s (highs or lows), or 
power up into some unknown state. If the target PLD 
powers up to an unknown state then we must first gener- 
ate an initialization sequence. The capability to gener- 
ate test vectors for PLDs that power up to both a known 
or an unknown state is one of the major strengths of 
PLDtest Plus. 


Initialization is the process of applying a sequence of 
vectors (V1, V2, ...,VN) to the inputs of a registered PLD 
so that the device will go from any state (a set of register 
values) when the first vector is applied, to a common or 
known state after the last vector is applied. This se- 
quence of vectors is called the “initialization sequence” 
or sometimes “homing sequence.” For example, a two- 
register PLD can have maximum four states (00, 01, 10, 
11). To initialize it, a set of vectors has to be found that 
drives it from any of the four power-up states to a com- 
mon final state. The PLDtest Plus initialization algorithm 
initializes registered non-preloadable devices to a 
known state for testing. Preloadable and combinatorial 
devices do not require initialization. 


Example 


An ABEL state description is shown in Figure 6 for a two- 
bit, four-state, design. This example will transition from 
state sO to state s2 when the input D is equal to logic 1. If 
D is equal to logic 0, it will remain in state sO. When in 
state s1, depending on D, it will either go to state s3 or 
state sO. When in state s2, whatever the logical value of 
D, it will go to state s1. Finally, in state s3 it will go to 
either state sO when D is logic 1, or state s1 when D is 
logic 0. 


State s0: case(D==1) :s2; 
(D==0) :s0; 

endcase; 

State sl: case(D==1) :s3; 
(D==0) :s0; 

endcase; 

State s2: case(D==1) :s1l; 
(D==0) :s1; 

endcase; 

State s3: case(D==1) :s0; 
(D==0) :sl1; 


endcase; 


Figure 6. ABEL Design Description 


| 


The initialization sequence that PLDtest Plus generates 
for this test case is shown below. It comprises two test 
vectors and will take this circuit from any of the four de- 
fined states to a single state; in this case to state sO. No- 
tice that in the test vector sequence it applies the logic 
value of 0’s on pin 2 (this is the D input) in test vectors 1 
and 2. Note that pins 14 and 15 are both being tested for 
L, or logic low, after the initialization sequence. 


V0001 COXXXXXXXNOXXXXLXXXN 
V0002 COXXXXXXXNOXXXLLXXXN 


Figure 7 shows the bubble diagram for this circuit and 
more clearly defines the sequence of state transitions as 
defined by the ABEL example. The state values are in- 
side each circle, and the 1 or 0 on the arrow shows the 
transitions from state to state depending on the logic 
level of input D. If a sequence of two 0’s are applied to 
the D input, no matter what state you start from, it will al- 
ways end up in the state sO (00). This is initialization. 


Why is this ability to initialize a PLD important? Not ail 
circuits can be initialized and non-preloadable devices 
which are non-initializable cannot be tested from an un- 
known power-up state. This is important from a design- 
er’s standpoint because it affects the ability of the 
system to operate, such as when a microprocessor 
needs to put the PLD into a known state. The software 
engineer can also use the initialization sequence in his 
code to initialize the PLD in-circuit. 
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Figure 7. Bubble Chart 


To atest engineer, the non-initializable device presents 
a number of problems. Initialization is important be- 
cause it directly impacts testability of the PLD involved. 
The fault coverage for a non-initializable device is gen- 
erally lower compared to that of an initializable device 
and therefore the reliability requirements in terms of per- 
cent of fault coverage may not be satisfied. For a non- 
initializable device, there is no initialization sequence of 
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vectors that can be used to reinitialize or resynchronize 
test vectors. If the generated vectors have to be seg- 
mented due to vector length limitations of a particular 
device programmer or automatic test equipment, then 
the test will have to be cut at the point where the vectors 
reach the upper limit of the test equipment. If using in- 
itialization sequences, the engineercan cut the test after 
one such test sequence, then load more vectors to finish 
the test process. Also, in doing a series of tests on differ- 
ent PLDs on aboard, the PLDs would be tested individu- 
ally and power must be cycled between device tests in 
order to satisfy the power-up state requirements for a 
non-initializable device. This is because all the vectors 
generated were based on a specific power-up state. 


Finally, Knowing if a Circuit is initializable is important to 
the production engineer because it will determine what 
type of PLD is ultimately selected, one which powers up 
to a known state, or one that powers up to an unknown 
state. This will have a direct impact on the options a 
purchasing agent has when procuring devices. 


Not all circuits are initializable; it is possible for as little 
as one-half of the PLDs tested to be initializable. Figure 
8 is the ABEL description for a non-initializable circuit. 
The single control input, D, will either cause this circuit to 
advance to the next state or remain in the current state. 


State s0: case(D==1) :s1; 
(D==0) :s0; 

endcase; 
State sl: case(D==1) :s2; 
(D==0) :sl; 

endcase; 
State s2: case(D==1) :s0; 
(D==0) :s2; 

endcase; 


Figure 8. ABEL Description, Non-Initializable 
State Machine 


Note that it is impossible to generate a sequence of vec- 
tors that will take this circuit from any of the three dis- 
played states to a single state. Figure 9 clearly shows 
the interaction of the states and state transitions. We 
can only test this circuit from a known power-up state, 
either all 1’s or all 0’s. 


The addition of a reset condition in the original logic de- 
scription would cure this problem. The decision has to 
be made to use a device that powers up to a known 
state, all highs or all lows, or redesign this circuit so that 
it can be initialized. 


When generating test vectors from a known power-up 
state, the actual power up state can also have an impact 
on the testability of a design. Using PLDtest Plus can 
help you determine which device to select. 


Before a particular vendor is selected, run PLDtest Plus 
from both power up high and low and geta difference on 
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Figure 9. Non-Initializable State Machine 


fault coverage. This data can then be used to select a 


device, from the same vendor or a different one, with a 
power-up state that satisfies testability requirements. 


Specific device power-up state information can be found 
in the device manufacturers’ Data Books or Device 
Specification Sheets. Once this information is obtained 
and provided as input to PLDtest Plus, the product will 
search for vectors starting from the user specified 
power-up states instead of searching for an initialization 
sequence. 


PLDtest Plus always tests for the initializability of a de- 
sign as the first step in the automatic test vector genera- 
tion process. PLDtest Plus does not need user-supplied 
seed vectors (to test the design) to initialize a PLD, but if 
seed vectors are provided, PLDtest Plus will generate 
additional vectors following the seed vectors and will 
generate an initialization sequence of vectors indepen- 
dent of the seed vectors. 


Boolean Equations for Pins 


Boolean equations for each output pin are written to 
show testability for product terms. The equations are 
written to the report file, and specify whether each prod- 
uct term is fully tested, partially tested, or not tested by 
the seed and/or generated vectors. With the testability 
information thus provided, the user can go back to the 
design equations of the PLD involved to make the nec- 
essary changes to improve testability. 


lilegal States in FSMs 


As an option, detected illegal states for finite state ma- 
chine design are written to the report file. The user can 
thus understand why a design may have low testability if 
too many illegal states are detected in the design, since 
the faults associated with these states are generally not 
detectable. 
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Pins Reported for Stuck-at Faults 


In the report file, pin numbers are given below the fuse 
numbers for each stuck-at fault. The pin numbers refer 
to the output pin where the fault was detected. This infor- 
mation indicates that all faults along the critical path 
from the fuse number to the pin number are detected 
with that vector. 


COMPARING PLDtest PLUS AND PLDtest 


PLDtest Plus is a new product which handles both 
preloadable and non-preloadable PLDs, as indicated in 
Figure 10, while PLDtest handles only preloadable and 
pure combinatorial PLDs (e.g., P16L8). 


Preloadable PLDs have built-in circuitry to allow regis- 
ters to be set to Os or 1s as required for testing. A super- 
voltage is applied to the appropriate pins to force the 
registers into the desired states. Once all registers are 
set to known states, the test generation problems are 
similar to that of combinatorial circuits. Heuristic tech- 
niques have been developed to allow efficient test gen- 
eration for preloadable PLDs, and the vectors thus 
generated normally achieve high fault coverage. 


A preloadable PLD allows all state transitions in a finite 
state machine to be tested thoroughly because the FSM 
can be Set to any initial state, including an illegal state. 
Access to these illegal states makes it possible to detect 
faults that would not normally be detectable. As a result, 
higher fault coverage can be achieved. 


Non-Preloadable 
PLDs 


Design for Testability 


Preloadable/ 
Combinatorial PLDs 


Because the registers can be directly loaded into any 
desired state, a long initialization sequence of vectors is 
not needed to drive the registers into a state to detect 
faults, and therefore a minimum number of vectors are 
usually generated for preloadable PLDs. In a compo- 
nent tester, or a PLD programmer with preload capabil- 
ity, the test vectors perform well. However, preloadable 
PLDs cannot always be used in an in-circuit testing envi- 
ronment since the super-voltage applied to the pins ina 
PLD sometimes damages other devices connected to it. 
PLDtest Plus was designed specifically to generate test 
vectors for non-preloadable PLDs. 


PLDtest PLUS AND PLDtest DEVICE 
SUPPORT LIST 


AMD Part No. 

16L8 20R6 
16R4 20R8 
16R6 20X10A 
16R8 20X4A 
18P8 20X8A 
20L10 22P10 
20L8 22V10 
20R4 


For more information, contact: 


Data I/O Corporation 
(800) 247-5700 or (206) 881-6444 


100% Fault 


PLDtest 
Plus! Coverage 
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Figure 10. PLDtest Plus Capabilities 
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AUTOMATIC TEST VECTORS FOR 
PROGRAMMABLE LOGIC DEVICES 


Anvil ATG software, from Anvil Software, Inc., automati- 
cally generates high-coverage functional test vectors for 
all types of Programmable Logic Devices (PLDs), in- 
cluding PAL® devices, programmable logic sequencers, 
and other architectures. These vectors are applied after 
programming, either on the programmer, on a device 
tester, or during in-circuit testing. Testing the PLDs indi- 
vidually, prior to functional board test or system test, re- 
sults in large savings in testing, diagnosis, repair, and 
inventory costs. 


The Anvil ATG product is composed of an event-driven 
time-based simulator, concurrent fault simulator, 
general-purpose automatic test vector generator, a 
menu interface, and support programs. it is written in C 
and currently runs on PC-XT™, PC-AT™ and com- 
patibles with 640K RAM and 4MB available disk space, 
386-based PCs, and VAX®/VMS® systems. Support for 
additional host computers will be available in the future. 


Functional Tests, No Preload 


Anvil ATG software produces functional tests that oper- 
ate the device as it will be used in the final application. 
No preload, “jam load,” or other testing shortcut is used. 


High Fault Coverage 


Anvil ATG software typically achieves 90—100% detec- 
tion, even on highly sequential designs (such as state 
machines) and designs where feedback creates mem- 
ory (as ina 16L8). Faults considered are: 


e Logic gates stuck-at-0 and stuck-at-1 
e Programmed (opened) fuses faulted intact 
e Intact fuses faulted programmed 


Faults that are undetectable (due to redundancy or be- 
cause they are in unused Circuitry) are removed auto- 
matically so they do not obscure the true fault coverage. 
Atypical 16R8 design has about 1200 detectable faults, 
while atypical 22V 10 design has 3500 detectable faults. 


Reliable and Repeatable Tests 


Anvil ATG software monitors the effects of tester skew 
during simulation and masks out any output states that 


are not reliable and repeatable. In addition, any conflicts 
between the tester and chip are identified and fixed 
automatically. Any vectors provided by the user are 
checked for races, conflicts and other problems, and are 
corrected automatically. 


Flexibility 


The test generation algorithms support a wide variety of 
design practices, including multiple clocks, feedback-in- 
duced memory elements, asynchronous presets and re- 
sets, and any macrocell configuration. Good results are 
obtained even for asynchronous 20RA10 designs. Test 
generation uses a general-purpose proprietary algo- 
rithm that is fault-driven and uses critical path analysis 
techniques. 


Vector Minimization 


Three user-selectable levels of vector minimization 
solve problems with older testers that have limited vec- 
tor memory. 


Easy to Use 


Anvil ATG software is operated through a simple menu 
and fill-in-the-form interface. The menu can be by- 
passed in order to run a Series of jobs in batch mode 
without operator attention. An easy-to-read manual is 
provided with the software, complete with an example, 
descriptions of the options, and suggestions of how to 
configure the software most appropriately to match your 
test equipment and test philosophy. 


Run-times for 20-pin PAL devices are typically just afew 
minutes on a fast PC. 


industry-standard Interfaces 


Anvil ATG software reads the fuse information from the 
JEDEC standard fuse file which all commercial design 
software produces and which all programming equip- 
ment reads. When the vectors have been generated, 
they are written back to the JEDEC file, again using the 
industry-standard formats. 


Model Libraries 


The Anvil ATG products are available in a variety of con- 
figurations and prices, based on the number of models 
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and feature set needed for a particular application. Mod- 
els available include the following AMD devices: 


16L8 16R8 16R6 16R4 
20L8 20R8 20R6 20R4 
20L10 20X10 20X8 20X4 
16V8 20V8 18P8 22P10 
16RA8 20RA10 

22V10 26V 12" 32VX10* 23588 
105 167 168 
10H/10020EV8 10H/10020EG8 


* These models require 386 or VAX/VMS configurations. 


Other models will be developed as needed by custom- 
ers: 


24L10 24R4 
24V10 30S16* 
* These models require 386 or VAX/VMS configurations. 


24R10 
221P6 


24R8 
29M 16* 


Tester Support 


Translators are available for the following testers: 


Sentry, GR 1732, GR125, IMS 
GR227x, Schlumberger, Teradyne L200 
HP3065/3070, Logue McDonald 


Call Anvil for information on these and other testers. 


Since a PLD may be constrained by surrounding cir- 
cuitry on the circuit board, Anvil ATG software can be 
told which pins are tied high, low, together or are inac- 
cessible, and generate vectors for an in-circuit tester 
accordingly. 


In-circuit board test support includes automatic genera- 
tion of digital guarding vectors (inhibits and disables). 


The power-up state may be specified by the user as “un- 
known,” “all registers low,” or “all registers high.” Seed 
vectors may be provided to assist with uninitializable 
designs. 


Update Service 


Updates during the first year are included with the prod- 
uct purchase. The update service includes bug fixes and 
enhancements to the software, documentation and indi- 
vidual models plus telephone support. New models and 
major new software Capability are not included in the up- 
date service — they are considered new products. 


ANSWERS TO COMMON QUESTIONS 
ABOUT ANVIL ATG SOFTWARE 


Why does Anvil ATG Software use the 
JEDEC fuse maps instead of equations? 


The reason we use the JEDEC fuse map is to allow us to 
get better accuracy and to avoid incompatibility prob- 
lems with the many different equation formats that dif- 
ferent designers use. The fuse maps tell us the state of 
every fuse as it is actually programmed in the device. 
The Boolean equations do not necessarily tell us the ex- 
act fuse pattern, because different optimization tech- 
niques can be performed by different equation 
compilers and result in different arrangements of the 
fuse bits. We feel that you should test the devices ex- 
actly as they are programmed in order to get the best 
test yields. 


The other major reason we prefer the JEDEC fuse map 
is that there are many different equation formats. The 
JEDEC fuse map format, on the other hand, is an indus- 
try standard. All programming equipment reads this 
JEDEC format and all PLD design software produces 
this JEDEC format. It is therefore a reliable source to get 
the information that we need to generate the test 
vectors. 


Why does Anvil ATG software consider 
so many faults? 


Anvil ATG software allows the user to choose what 
classes of faults are to be considered. Some users may 
just want to look at, or test for, logic faults whereas oth- 
ers may want a functional test for each of the fuse states. 
Anvil ATG software can create functional tests to check 
each intact or programmed fuse. We believe that the 
most thorough test for a programmable logic device will 
test each fuse to make sure that it is not incorrectly pro- 
grammed, or partially programmed, or that there is no 
short or other defect in the vicinity of the fuse. If you look 
at the construction of most PLDs, you will realize that 
most of the chip area is consumed by the fuse array. 
This means that the fuse array is the most likely place for 
failures to occur. 


Another factor to consider is that programmable logic 
devices can have a defect rate ranging up to one per- 
cent, even after the fuses are read back on a program- 
mer. This means that it is desirable to test for as many 
faults inside the PLD as possible. That is precisely why 
Anvil ATG software offers the user the option of testing 
for thousands of faults inside even small PLDs. 





6-118 


Anvil ATG Software 


Why isn’t fuse verify on the programmer 
good enough? 


Fuse verification on the programmer is done through the 
same fuse addressing logic as used during program- 
ming. A fault in the fuse addressing logic could cause 
the wrong fuse to be programmed, but the fuse state 
would look right during readback because the same 
faulty addressing logic would be used. 


Another common problem not caught by fuse readback 
is programming the wrong part. If a 16R8 is used instead 
of a 16L8, the fuse readback will pass but the part will not 
behave as desired in the end application. 


Vectors produced by Anvil ATG software will catch both 
of these failures and many others that are missed by 
fuse verification on the programmer. 


What causes PLD defects? 


PLD defect rates typically run up to 1% after program- 
ming and fuse verification on the programmer. The ac- 
tual rate depends on manufacturer, programmer 
calibration, device handling, and lot-to-lot variations. 
These defect rates can even occur on some lots from 
manufacturers who test erasable devices prior to ship- 
ment. Some of the reasons for defects are: 


e Programming equipment needs to be recalibrated 
regularly. 


e The manufacturer does a generic test, whereas opti- 
mum quality is obtained by testing with the specific 
fuse pattern used in the final application. Manufac- 
turers of erasable parts can only program and test for 
a limited number of the many possible patterns. 


e Devices get mislabeled. 


e Wrong device types are sometimes used (e.g., 16L8 
instead of 16R8). 


e Infant mortality failures are only observable after 
burn-in. 


e Fuses sometimes are not programmed completely, 
thereby leaving shorts or timing faults. This is par- 
ticularly likely to be true if the PLD does not make 
good contact in the programming socket due to dirt 
or an old socket. 


How many vectors does Anvil ATG soft- 
ware create? 


The number of vectors created by the software depends 
onthe option settings selected by the user. The usercan 
specify the maximum number of vectors, such as 1023, 
to accommodate the limitations of some testers and pro- 
grammers. A second way to control the number of vec- 
tors is by selecting the groups of faults to be considered. 
If the user wants to test for each programmed fuse 


faulted intact, there will be twice as many vectors gener- 
ated than if the user just wants to consider logic faults 
and intact fuses faulted programmed. Anvil ATG soft- 
ware can also accommodate testers that allow multiple 
bursts. By specifying the tester burst size, vectors will be 
produced in one or more bursts as necessary. 


Anvil Software has recently made improvements to 
minimize further the number of vectors produced. The 
types of optimizations performed include: (a) superim- 
posing vectors so that several parts of the chip can be 
tested simultaneously, and (b) removing vectors that 
are duplicates or do not detect any faults. Other op- 
timizations are performed during the vector generation 
to detect as many faults as possible in the early vectors 
of the test. 


How do I know it will work on my parts? 


Anvil Software has a number of ways to allow you to 
evaluate the capabilities of our software. Our customers 
have generated test vectors for more than 20,000 PLD 
designs, and several customers have each done more 
than a thousand PLD designs. We have observed suc- 
cess rates higher than ninety percent on a typical mix of 
programmable logic designs, and we are willing to put 
you in touch with some current customers so you can 
hear about their experiences first hand. Our No Charge 
Benchmark Test offer allows you to send two JEDEC 
files and we will generate test vectors for them and send 
you the results. 


Will Anvil ATG software be able to sup- 
port next year’s devices? 


There are two aspects of how Anvil Software does busi- 
ness that keeps its customers current with the latest 
technology. The first is our model development pro- 
gram, where we will develop a model for a new PLD de- 
vice as soon as acustomer is willing to provide us witha 
purchase order and some sample designs to allow us to 
verify the correctness of our simulation model. 


The other aspect of the way we do business is the an- 
nual update service that we offer to our customers. This 
service allows customers to telephone with questions, 
to send us PLD designs that they are having difficulties 
with, and allows them to receive the latest improve- 
ments to the software and models that they have pur- 
chased from us. This means that when we improve the 
test generator to work well on a new generation of de- 
vices, these customers will receive the improvements. 


We depend on our customers to tell us which devices 
are most important to do and we have found that we 
have consistently kept up with the devices that are in 
volume manufacturing. For a complete list of models 
that we have completed or are under consideration, call 
Anvil for our latest model status. 
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How long does the vector generator take 
to run? 


The run time depends on the clock rate of your com- 
puter, the number of faults selected, and the complexity 
of the design. Typical 20-pin PAL devices with logic and 
intact fuse faults selected, where the design is typical 
complexity, take between one and five minutes to runon 
a 20-MHz 386 computer. More complicated devices 
such as a 22V10 can take several times as long, and, if 
you wish to consider programmed fuses faulted intact, 
you can expect to spend twice as much computer time. 


The main trade-off that we have made is based on our 
assumption that users are willing to spend a few extra 


minutes of CPU time in order to save hours of debug 
time onthe tester. It can be very time-consuming to track 
down strange behavior on the tester due to races or 
other problems in test vectors. Anvil ATG software pro- 
duces test vectors that will run correctly on the tester 
with no debug, no races and no other problems. 


Contact: 


Anvil Software, Inc. 

427-3 Amherst Street, Suite 391 
Nashua, NH 03063 

(603) 891-1995 
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Associates 
ATG Associates has provided Test Generator in re- e Forcustomer concerned about using supervoltage 
sponse to the need for a fully functional Automatic Test initialization or preload on their parts the following 
Generation package, which provides: options are supported: 
e High fault coverage — Nouse of supervoltages 
e Fast operation — Use only at beginning of vectors (once) 


e Coverage for a wide range of PAL® Devices ~ Use when necessary 


e Cost-effective Test Generation ® Generates vectors for all AMD PAL devices 


Has easy-to-use menu interface 
Test Generator works with any valid JEDEC file, with or ° 


without existing test vectors. It also works with any PAL e Convenient batch mode allows user to queue up to 
device regardless of whether or not the device supports 90 jobs to run unattended 


preload. e Supports testing of three-state outputs and preset/ 
reset of internal registers 
FEATURES : 
e JEDEC to Boolean disassembly for any supported 
e Proprietary algorithm provides high coverage with device 


significantly reduced run times 
For further information contact: 
e Runsonany IBM PC™ compatible running DOS 3.0 


or higher ATG Associates 
Customer Service 
3415 Merrill Road 
Aptos, CA 95003 
(408) 475-5717 


e Supports devices that do not have preload and/or 
power-up reset Capability 


Device: 16R8 File: L10.JED Directory: C:\ATG2 





File Run View 


Generate Vectors 
JEDEC -> Boolean 


Create Queue 


Run Queue 





Select Option or Press <ESC> to quit 


Test Generator Menu interface 
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INTRODUCTION 
As system speeds have increased, designers have 
been requesting increasingly higher performance from 
their PAL devices. In the past, it has been possible for 
manufacturers to increase the device speed merely by 
reducing the internal delays of the part. Now, however, it 
has become impossible to design a 7.5-ns device with 4- 
or5-ns rise and fall times, so the rise and fall times have 
been decreased to help speed up the devices. 


Once the rise and fall times of a signal have droppedtoa 
time that approximates the actual propagation delay of 
the signal on the wire, the realm of transmission lines 
has been entered. When this happens, the signal may 
become distorted due to reflections on the line. if severe 
enough, these reflections can cause such problems as 
gross overshoot and undershoot, extended ringing, 
crosstalk, and increased high-frequency emissions. 


The reflections are caused by discontinuities in the 
impedance of the signal path, otherwise known as 
“impedance mismatches.” in digital circuits, these 
usually occur at the end of the line; therefore, this 
becomes an issue of terminating the signals correctly. 
This application note will describe termination funda- 
mentals, and compare the two basic termination 
schemes: serial termination and parallel termination. 


Transmission Line Model 


A transmission line can be represented by a lumped 
constant RLC circuit of unit length, as shown in figure 1. 


When dealing with digital circuitry on a pc board, both 
the resistive and conductive components are usually 
insignificant, and are ignored during transmission-line 
calculations. Called a lossless and loadless transmis- 
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Figure 1. Equivalent Circuit of a 
Transmission Line 
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sion line, this model can be represented by the following 
differential equation: 


Sy ~Lo Oo, (1) 
where: v_ = velocity 
x = displacement along the line 
t = time 


Lo = inductance per unit length of the trans- 
mission line 


Co = Capacitance per unit length of the 
transmission line. 


Using convolution and Fourier analysis, the solution of 
this differential equation is as follows: 
1 


Y= ToGo (2) 


The propagation delay, tep, of a unit length is therefore 
expressed as 


tpp=V LoCo . (3) 


The inductance and capacitance in the presence of a 
ground plane are a function of the dielectric medium and 
pc-board layout. Unit values of the inductance and 
Capacitance can be measured by an LC meter. In 
general, transmission line effects can be simulated in 
both time and frequency domains with the SPICE 
Circuit-analysis program. 


Transmission Line Geometries 


Circuit interconnections for high-speed digital systems 
generally include the following types: 


® connectors 

® wire over a ground plane 
e twisted pair 

e coaxial cable 

* microstrip line 

e strip line 


Connectors generally cause wave-shape distortion 
when transition times are under 1 ns. The transmission- 
line effects of wire over a ground plane are uncontrolla- 
ble; this type of interconnection is usually used for 
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prototypes only. Twisted pair and coaxial cable are 
generally reserved for applications such as differential 
lines and video cable. The remaining two types of 
interconnections, microstrip and strip line, are the most 
practical for high-speed digital systems and will be 
discussed here in detail. 


A microstrip line (figure 2a) is a metal-strip conductor on 
the pc board, separated from a conducting plane witha 
dielectric medium. The characteristic impedance Zo, 
which is the ratio of voltage to current for a traveling 
wave at any given point and instant, is 


eee) ee 8200 ) 
Zo Feller in (Seed). a 


where e,; is the dielectric constant of the board material. 
This equation is fairly accurate for a w/d ratio between 
0.1 and 3.0 and for er between 1 and 15. For G-10 
fiber-glass epoxy boards, e; is about 5.0. 


The equations for inductance per foot, Lo, and propaga- 
tion delay per foot of the line, tpp, are 


Lo =Zo* Co and (S) 
tpp = 1.017 ¥ 0.475 e, + 0.67 __ns/ft, (6) 
where Co is capacitance per foot. 


A strip line (figure 2b) is a metal-strip conductor 
centered in adielectric medium between two conducting 





Conducting Plane 
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Figure 2a. Cross Section for Microstrip Line 
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Strip Line 


“2 Conducting Plane 
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Figure 2b. Cross Section for Strip Line 


planes. The characteristic impedance, Zo, is 


Zp =-82 in(——_2___). 
ver acer em ) (7) 


This equation is fairly accurate for 
pt <0.35 (8) and + <0.25. (9) 


The equations for inductance per foot and propagation 
delay per foot of the line are 


Lo=Zo*Co and (10) 
tpp = 1.02 Ver . (11) 


The characteristic impedance of both microstrip and 
strip lines can be held within 5% if all the variables (e,, w, 
d, t) are controlled. Also, note that the propagation delay 
of both microstrip and strip lines is not a function of the 
pc board geometry, but of the dielectric constant only. 


Reflections on the Transmission Line 


Reflections on the transmission line are caused by a 
discontinuity of the line impedances, and are a major 
source of noise in digital systems. The discontinuity can 
appear as an input device, another circuit, a connector, 
or another transmission line. 


Figure 3 shows the signal reflection and flow-through at 
the impedance discontinuity between transmission lines 
TL1 and TL2. The voltage reflection at the point of 
discontinuity travels back through TL1 with a magnitude 
of pVi, where p is the reflection coefficient and V; is the 
incident-wave voltage. 


The refiection coefficient is the ratio of voltage in the 
reflected wave to that in the incident wave as foliows: 
Vr 


Discontinuity 
| 


Z,of TL1 | Zo of TL2 
Sidi eal Dv Cth ieee 
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Figure 3. Signal Reflection at a Discontinuity 
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The signal flow-through is V; + V;, where V, is the where Z; and Zo are the characteristic impedances of 
reflected-wave voltage. From transmission lines TL1 and TL2 respectively. 


Vr+Vie=V (13) Figure 4 is an example of a basic transmission line witha 
discontinuity at both the source and load. In this basic 





and reflection mode, fanout is one. A lattice diagram is 
VV WMV widely used to illustrate the reflection effect on a 
De ae ae (14) transmission line. Two vertical axes, for the source and 
load, are the time scales. The signal bouncing back and 
we obtain forth along the transmission line is shown as a diagonal 
7 eley line from top to bottom. 
p 22+ 21 ' (15) 








Zs — Zo Zi -Zo 
PS =F Zo PL = FF Zo 
Source Load 


Vi (T) = Vi (0) (1+PL) 


r 
Vi (2T) = Vi(O) (1+PL+Ps Px) 
2T 
Vi (3T) = Vi(0) (1+PL+Ps PL + Ps Pr?) 
3T 
Vi (4T) = Vi (0) (14PL+Ps PL+ Ps PL2 + Ps? PL?) 
AT a 
Time 
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Figure 4. Example of Basic Transmission Line Circuit and its Lattice Diagram 
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The voltage Vj is the result of a voltage division between 
the source impedance Zs and the line impedance Zo. 
The voltage at each time interval is the algebraic sum of 
the reflection voltages from the top to the specific 
diagonal line. For example, the voltage at 4T is 


Vi (0) (1+PL+ PL_Ps+ Pi2Ps+ Pr2ps?), (16) 





=> Ps 


Vi(0)=0.8V 0 


Vi (2T) =1.2-0.8°0.3 2T 


= 0.96 


Vi (4T) = 0.844 0.8° 0.09 
= 0.912 


Vi (6T) = 0.948 —0.8*0.027 
= 0.926 
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and 


Vj 50Q Vi 


_ 12.550 


= = —0.6 L= 
12.5 + 50 p 


150 + 50 


4T 





150 — 50 


Vi (T) 


Vi (3T) = 0.96 —0.8°0.15 


Rie = 150 Q 


= 0.8 (1 +0.5) 


= 1.2 


= 0.84 


where: ps is the reflection coefficient at the source, 
pt is the reflection coefficient at the load. 


Figure 5a is a numerical example of the lattice diagram; 
note that V; and V, eventually reach the same steady- 
state voltage, as shown in figures 5b and 5c. 


Vi (5T) = 0.912 + 0.8 + 0.045 
= 0.948 


Figure 5a. Numerical Example of Lattice Diagram 


Vj 








0 2T «47 


Figure 5b. Voltage at V: 
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Figure 5c. Voltage at Vi 
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Only the transmission line effects that cause severe 
overshoot or undershoot need to be addressed. The 
rest, aS long as they do not degrade the signal or 
interfere with data transmission, can be ignored. 


The terms “overshoot” and “undershoot” are often used 
in different ways by different people. For this discussion, 
overshoot is defined as a transient voltage that is 
outside the expected steady-state logic-HIGH to logic- 
LOW range; that is, a signal transition that passes, or 
overshoots, its destination. This can happen on a rising 
edge ora falling edge. Undershootis a transient voltage 
that is inside the expected steady-state logic-HIGH to 
logic-LOW range. Undershoot normally follows over- 
shoot as the signal tries to stabilize itself, over corrects, 
and crosses over its destination in the other direction. 


The degree of overshoot depends on the ratio of the 
edge speed of the driving gate, tr, to the propagation 
delay of the line, t. Empirical results show that small 
changes in the tpr/t ratio or the decrease in length of the 
transmission line can cause a significant change in 
overshoot. Table 1 provides the percent overshoot 
corresponding to various tpr/t ratios in a system() with 
Ro=5Q, Rt =4.6kQ, and Zo = 75 Q. This ratio is directly 
proportional to the edge speed and inversely propor- 
tional to the length of the transmission line. Therefore, 
the faster PAL device families require shorter line 
lengths to provide the same tr:t ratio as the slower 
families, which can have relatively longer line lengths. 


The tolerable amount of overshoot varies with the type 
of device being driven. Conservatively, let us assume 
that less than 25% is tolerable for typical TTL devices. 
Then, from table 1, a design with edge rate four times 
the transmission line propagation delay tpp is consid- 
ered to be a reliable design. In addition, such bus 
standards as the EIA Standard RS 422/232 Bus require 
a 4-to-1 ratio of edge rate to line propagation delay. 


As we Saw in equation (3), the intrinsic capacitance Co 
and inductance Lo determine the speed of signal 


% overshoot at 


tR:T the end of loaded line 
1:1 87% 

221 63% 

3:1 30% 

4:1 10% 

6: 1 5% 

8:1 0 


Table 1. % Overshoot due to 
Transmission Line Effects 


transmission on an unloaded line. For a loaded line, the 


distributed capacitance Cua, which is calculated by 
adding the input capacitances of all the receiving gates, 
must be included in the propagation-delay calculation. 


teo’ = Vo (Co +Cq) = tpp (1+) - (17) 


Therefore, the signal propagation down the line is 
delayed by a factor of 
Cq 


(aaa (18) 


Terminating Transmission Lines 


As we have seen, faster signal edge rates can be 
accommodated most easily by shortening line length to 
keep the tr/t ratio at 4:1 or greater. If lines cannot be 
shortened enough to provide this ratio, termination 
techniques must be used to reduce the impedance 
mismatches. Without proper termination, severe under- 
shoot or overshoot may violate the system -noise 
margins, cause unexpected device behavior, or dam- 
age the device. 










Overshoot 


Undershoot 


Undershoot 






Overshoot 


Steady-state HIGH 


Steady-state LOW 
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Figure 6. Overshoot and Undershoot Terminology 
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Figure 7a. Lumped Load Termination 


Vi | Va R; | Ro 


Figure 7b. Resistor Values 
for Different Logic Families 





There are several different ways of terminating trans- 
mission lines. The two most efficient and most widely 
used schemes are parallel and serial termination. 


Parallel Termination 


Parallel termination is used for driving lumped loads or 
high-speed circuits. Using this technique, the Thevenin 
equivalent of terminating resistors Ri and Ra should be 
the same as the line impedance. A typical parallel 
termination scheme is shown in figure 7a. Resistor 
values for different logic families are given in figure 7b. 
Daisy-chained routing is suggested for pc design to 
reduce complicated multi-level reflections. In this exam- 
ple, fanout equals three, and parallel resistors are 
inserted on the last gate input or at the end of the daisy 
chain. Fanout is limited by the current that driving gate 
Go can sink from the input gates G: - Gs. 





The parallel-termination technique in figure 7a uses 
dual resistors and a single power supply. It is possible to 
use a Single resistor with a Thevenin equivalent of the 
two resistors. This would require a second power supply 
which is usually not available, and therefore would be 
costly. 


Parallel termination is also used for driving distributed 
loads, but the termination resistor values are deter- 
mined by calculating an impedance adjustment. The 
adjusted impedance, which is usually different from the 
intrinsic line impedance, depends on the load distribu- 
tion along the transmission line, and determines the 
value of the termination resistors. 


Figure 8 shows a 12-inch 64-Q microstrip transmission 
line with a distributed fanout of 3. Each load has an input 
Capacitance of 6 pF. 


With a lumped load and receiving gates grouped in a 
daisy chain at the end of the transmission line as in 
figure 7a, Ry and Re should be equal to 64 Ox 2 = 128Q. 
However, with a distributed load, an adjusted line 
impedance Zo’ must be calculated. For a microstrip line 
with er = 4.7, the propagation delay is 1.77 ns/ft.; 
therefore, the adjusted line impedance for the example 
is calculated as follows. 


Since 
tpp _ 1.77 nsAt = ; 
Co = J 7 Gag ~ 2:30 pF/inch, (19) 
hence, 
Co = SPEXS « 1.5 pFiinch. (20) 
Therefore, 


: Z 
Zo! ete: o EL gggcn. 
Tie Suet en 
Co 2.3 


In this case, Ri = Ro = 2 Zo’ = 100 Q (approximately). 
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Figure 8. Distributed Loads with Parallel Termination 
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Serial Termination 


A series resistor Rs is useful for dampening overshoot 
and ringing on longer lines. With serial termination, Rs 
plus the gate output impedance Ro should be equal to 
the line impedance Zo. Since this technique is quite 
straightforward and applicable to all logic families, most 
interconnections with uncontrollable line impedance 
(lines in Conjunction with connectors, a circuit board 
layout without a ground plane, wire-wrapped connec- 
tions, or lines associated with back plane) use this 
scheme. 


Serially-terminated lines display characteristic AC be- 
havior as the signal switches. Figure 9a shows a simple 
circuit with a driving gate Go connected to gate G; witha 
fanout of 1, via a transmission line with line impedance 
Zo. Presumably, as voltage Va changes from HIGH to 
LOW at time t: (see figure 9b), Va changes simultane- 
ously, as follows: 


Zo 


ANB= AVA “Roa Rs+ Zo 


(22) 


Since Rs is chosen such that Ro + Rs = Zo, equation (22) 
yields 


AVp = 1/2AV~ , (23) 


a 50% voltage drop. 


After the signal has traveled the length of the transmis- 
sion line, it is reflected back at the impedance disconti- 
nuity. In general, the input impedance of the load will be 
orders of magnitude greater than the line impedance. If 
we assume this, then from equation (15) we see that the 
reflection coefficient will be near unity; that is, the signal 
will be almost entirely reflected. Thus the indicent and 
reflected waves will combine to provide a low voltage at 
point C. 


As the reflected wave travels back up the transmission 
line, it eventually brings point B LOW. Since Ro = Rs, 
there is no impedance mismatch at the source, and the 
reflection is absorbed. This is confirmed by equation 
(15), which shows that the reflection coefficient is 0 at 
the source. 


The reverse process occurs when the signal changes 
from LOW to HIGH, as shown in figure 9b. 





Ro A Rs B Zo C 
Go VA VB tpD Ve Gi 
14103-012A 
Figure 9a. Example of Serial Termination 
ty te t3 
14103-013A 





Figure 9b. Voitage Waveforms of Serial Termination 
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Terminating High-Speed PAL Devices 


Because of this behavior, loads cannot be distributed 
along the transmission line. They must all be lumped 
together at the end of the line. To compensate for the 
slower speed of the serial termination scheme with 
lumped loading at the end, one can add more transmis- 
sion lines as shown in figure 10. Additional parallel 
transmission lines, with less fanout per line, provide 
more speed than a single transmission line with more 
fanout. However, the total fanout should never exceed 
the current-sinking capacity of the driving gate. 


The value of Rs is 


where n is the number of parallel transmission lines. 
Note that this equation limits the number of parallel lines 
possible, since Rs will be negative if n is too large. 


Comparison Between Parallel and Serial 
Termination Schemes 


e Serial termination consumes less power than the 
single-power-supply parallel termination technique 
across the entire frequency spectrum. This is primar- 
ily because series termination does not add a DC 
load to the drivers. 


e Parallel termination requires two resistors or one re- 
sistor with two power supplies. Serial termination re- 
quires one resistor per transmission line. 


e With series termination, distributed loading cannot 
be used along the line because of the 50% voltage 
drop discussed above. With parailel termination, the 
waveform is undistorted along the entire transmis- 
sion line, so that the loads can be distributed any- 
where along the line as long as the terminating 


Ro Rs 


Go 


# of transmission 
ls lines =n 


Rs 


resistor values are adjusted. In either case, fanout is 
limited by the current-driving capability of the driving 
gate. 


e Ifalong line is required or if power Consumption is a 
concern, serial termination can be more advanta- 
geous. When speed is a main factor, parallel termi- 
nation is better. Loading a long transmission line 
does not increase the trp of the driving gate nor its 
edge rate. However, it does increase the line capaci- 
tance, and consequently the line propagation delay. 
it has been proven(”) that deiay time with loading in- 
creases twice as much with series termination as 
with parallel! termination. 


Board Layout Techniques for 
Transmission Lines 


Once the type of transmission line is determined, board 
layout becomes critical. The following guidelines will 
help keep signals clean. 


e Keep signal interconnections as short as possible to 
increase the tr/t ratio. 


e Provide a separate signal plane; at least one ground 
plane and one power plane are recommended. 


e Include a 0.1-uF decoupling capacitor as close as 
possible to the ground plane and the Vcc pinon each 
high-speed logic device. 


e Provide both 0.1-uF ceramic high-frequency and 
100-uF electrolytic low-frequency filtering capacitors 
on the power inputs to the board. 


e Use wide line spacing between high-speed lines to 
avoid crosstalk. 
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Figure 10. Serial Termination with Multiple Transmission Lines 
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Terminating High-Speed PAL Devices 





e Donot exceed maximum AC loading specifications, 
which include capacitive and current loading. 


e Avoid anything that might cause an impedance mis- 
match on the line, such as sharp corners or disconti- 
nuities on the conducting plane. 


e Such critical lines as edge-triggered signals or high- 
current driving signals should be separated from or- 
dinary level-sensitive signals. In addition, sensitive 
circuitry, such as a clock oscillator, should have a 
separate ground to minimize noise interference. 


CONCLUSION 


As logic speed increases, edge rates becomes sharper; 
however, transmission line speeds remain the same if 
loading is not changed. Therefore, to avoid increased 
ringing, the maximum line length must shrink. As a 
result, ifa line longer than the maximum permissible line 
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length is required, proper termination must be provided. 
These careful design practices will ensure that your 
signals are clean, providing your system with better 
performance and reliability. 
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INTRODUCTION 


The development of fast PAL® devices has increased 
the importance of analog considerations the digital de- 
signer has been able to overlook in the past. One of 
these is ground bounce. Ground bounce refers to the 
ringing on an output signal when one or more outputs on 
the same device are being switched from HIGH to LOW. 
This ringing can be in excess of 3 V. The system cannot 
consider the data valid until the ringing settles to below 
the Vit of the receiving devices. The ringing in a fast de- 
vice can last so long that a slower device with less 
ground bounce could actually be a faster solution. 


The phenomenon of ground bounce is associated with 
the inductance and resistance of the ground connection 
in the integrated circuit. As there is always some induc- 
tance and resistance, ground bounce cannot be totally 
eliminated; however, it can be reduced to a level toler- 
able to the system. 


This article will discuss the mechanism of ground 
bounce in CMOS circuitry and the utilization of slew-rate 
control used by AMD to keep ground bounce down to 
reasonable limits. 


Voc 
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Figure 1. Simplified Schematic of an Output Driver 


Mechanism 


Figure 1 shows a schematic of an output driver and load 
including parasitic elements. The load capacitor is 
charged to the HIGH-level voltage. When the transistor 
turns on, the capacitor discharges into the transistor and 
lead impedance. The resultant RLC circuit will have a 
damped ringing (Figure 2). The peak amplitude de- 
pends on the edge rate of the switch and the RLC val- 
ues, while the frequency of the ringing and the rate of 
decay depend only on the RLC values. 


The ringing caused by a single output switching is nor- 
mally below the LOW-threshold voltage. However, the 
voltage at the ground pad of the device is proportional to 
the number of outputs switching simultaneously. In ad- 
dition, the voltage at the ground pad is coupled to any 
LOW output through its output transistor. Therefore, if 
enough outputs switch, ringing on the ground pad will be 
coupled to LOW outputs, causing the detection of false 
HIGHs. 


Most PAL devices used today have relatively low output 
drive current: 16 mA or 24 mA. It is tempting to think that 
the low current level will somehow limit the switching en- 
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Figure 2. Ground Bounce 
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Ground Bounce 


ergy and therefore ground bounce. Actually, even a low- 
power transistor can pass a relatively large current. The 
transistor I-V curve in Figure 3a shows that a MOS tran- 
sistor designed for 16 mA at 0.5 V will pass 90 mA at 3.0 
V. Figure 3b shows the V/I path when the output transis- 
tor switches between HIGH and LOW. Notice that the 
transistor switches from3.5 V at 0 mA to 3.0 V at 90 mA. 
If eight outputs were to switch simultaneously, 90 mA X 
8, or 720 mA, would flow through the ground lead. 


This sudden current surge is actually self-limiting. As the 
ground-pad voltage rises due to the high current 
change, the internal Vps and the available gate bias volt- 
age are reduced, lowering the drive current. However, 
the ringing can still exceed 3 V. 
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3a. The DC Curve of an 
Output Driver Transistor 
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Controlled Edge Rate 


The parameters.that influence ground bounce are the 
inductances and resistances of the device, the capaci- 
tance of the load, and the edge rate. Of these, the only 
one that the chip manufacturer can directly control is the 
edge rate. 


Turning on the output-driver transistor is equivalent to 
switching the charged load capacitor to ground. This 
can be represented by a step-voltage source in series 
with the capacitor (Figure 4a). Slowing down the rate 
that the output transistor can turn on changes the volt- 
age source from a step to a ramp (Figure 4b). With a 
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3b. The Path Followed as the 
Transistor Switches between the 
HIGH and LOW Levels 


Figure 3. 





4a. Equivalent Circuit of an Output Driver 
Transistor with a Capacitive Load 
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4b. Output Driver Circuit 
with Slew-Rate Limiting 


Figure 4. 
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shallower slope, less energy is available for ringing and 
the ground-bounce amplitude is reduced. 


A Spice simulation (Figure 5) illustrates the effect. The 
device without risetime control will have a very high 
charging current with a large di/dt: 2.1 X 10’ A/s. 
Risetime control reduces the di/dt about 25%. This will 
result in a corresponding reduction in the voltage that 
can develop across the ground inductance. 


AMD has a proprietary technique that slows the edge 
rate of the output transistor, thereby reducing the ampli- 
tude of the ringing. Slowing down the fall time will add 
about a nanosecond to the output delay, but the system 
speed will still be greatly increased. On a high-capaci- 
tance load, a non-edge-rate-controlled device could ring 
for more than 25 ns. The additional delay required to al- 
low for the ringing would be intolerable. 


System Ground Bounce Solutions 


There are some things that the system designer can do 
to reduce the ground bounce to a tolerable level. 


1) Use AMD PAL devices that incorporate edge rate 
control. This the first line of defense against ground- 


bounce-related problems, and the most effective. 


2) Use shorter lead packages. The bonding wires in a 
PLCC are 1/4 the length of the ground bonding wire ina 
DIP. The inductance is reduced proportionally. Any re- 
duction in inductance will reduce the amplitude of the 
ringing. 


Some devices have center power and ground pins. The 
ground pin will be substantially shorter and have a pro- 
portionately reduced inductance. This will reduce the 
coupling between outputs. A good example is the 
PALCE26V 12. 


3) Reduce capacitive loading. Capacitive loading in any 
system should be reduced as much as possible. This 
may involve consideration of the transmission line char- 
acteristics of the layout. 


4) Limit the number of outputs switching simultaneously. 
If the load naturally has high-capacitance such as a bus 
or memory board would, ground bounce can be reduced 
by limiting the number of outputs that can switch simul- 
taneously in a single device. Many system designers 
consider 4 to be an acceptable upper limit. 
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5a. Without Risetime Control 
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5b. With Risetime Controi 


Figure 5. Effect of Risetime Control 
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INTRODUCTION 


Asignificant number of digital systems must deal with in- 
puts not synchronized to their own internal clocks. 
These asynchronous signals can arise from any of the 
various asynchronous protocols, such as are often used 
in bus designs; they can be the result of trying to share 
signals from systems with different clocks; or they may 
be the response of a system user, who is of course not 
synchronized with the system. The result can be metas- 
tability, a problem which can plague unwary designers. 
It is not a newly discovered phenomenon, but is nor- 
mally dealt with somewhat qualitatively, and, unfortu- 
nately, is usually ignored as much as possible. 


Causes of Metastability 


The flip-flop setup time is the parameter that is most 
often at the root of metastability. The setup time is basi- 
cally a requirement that data be made available at the 
input to the flip-flop before the clock signal arrives. The 
data must not only be there, but must also be stable. 


InaPAL® device, the use of an array for the data adds to 
the setup time. The data passes through the array on its 
way to the flip-flop (Figure 1). The clock signal, on the 
other hand, goes directly from the clock pin to the flip- 
flop. Its path is much shorter than the data path. The 
setup time is therefore essentially a requirement thatthe 
data signal must be given more time to get to the flip-flop 
before the clock signal. 


If the published setup time is satisfied, the data arrives at 
the flip-flop well before the clock, and the output to the 
flip-flop will change as desired (Figure 2). If the setup 
time is violated, then no guarantee can be made about 
what the output will do. The output may be normal, since 
the published setup time is a worst-case number. How- 
ever, if the timing between the clock and data is just 
right, the output will be unstable for some time before it 





Figure 1. The clock and data paths ina 
PAL device 
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Figure 2. Output response when the setup time is 
satisfied 
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Figure 3. Possible output response when the 
setup time is violated 


settles into some state. Neither the time the output re- 
mains unstable nor the final state is predictable (Figure 
3). This condition is metastability. 


Ways of Dealing with Metastability 


The most common way of dealing with this problem is to 
synchronize the inputs with an extra flip-flop (Figure 4). 
If the first flip-flop goes metastable, hopefully the delay 
between clock pulses will allow the ringing to die down 
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Extra Flip-Flop for Synchronization 





Figure 4. Dual synchronizer 
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before clocking into the next flip-flop. This improves the 
chances of having good data in the second flip-flop. 


This method is not without its costs. Each extra stage of 
flip-flop means an extra clock delay of the data which 
must be absorbed by the system. Moreover it is not fool- 
proof. The possibility of metastability is reduced, but not 
eliminated. A flip-flop can go metastable if the preceding 
stage does not recover quickly enough. 


The best way to avoid metastability is to avoid synchro- 
nization when possible. Many applications, such as bus 
arbitration schemes, use synchronization not because 
synchronization itself is necessary, but because until 
now it has provided the only convenient way to store 
data. This unfortunately takes a system that is inherently 
asynchronous and adds some synchronizing elements 
in the middle. If some way could be found to eliminate 
the synchronizing clock, the setup time would be elimi- 
nated, taking with it the major cause of metastability. 


The PAL22IP6 


To help designers avoid unnecessary synchronization, 
AMD has developed the Interface Protocol Asynchro- 
nous Cell™ (IPAC) PAL device: the PAL22IP6. The key 
to the IPAC device lies in the edge-triggered S-R and 
2-T flip-flop macrocells. With the S-R flip-flop (Figure 5), 
the output goes true on the rising edge of the S input and 
false on the rising edge of the of the R input. With the 2-T 
flip-flop (Figure 6), the output toggles on the rising edge 
of either T input; the T inputs are completely independ- 
ent. For both flip-flop types, the major implication is that 
the need for a clock has been eliminated — since the 
output is triggered by the rising edge of the data, the 
data itself has become the clock. Therefore this device 
has no setup time. 


The benefits of the IPAC device can be demonstrated by 
a simple interface design. A microprocessor generates 
a chip select signal (CSL) which is converted to a periph- 
eral request (REQL). REQL is removed when the pe- 
ripheral responds with a grant signal (GRANTL). The 
conventional approach is to register REQL. The device 
could go metastable either because of CSL or GRANTL, 
since both are asynchronous (Figure 7). 
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Figure 5. Edge-triggered S-R macrocell 
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Figure 6. Edge-triggered 2-T macrocell 
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Figure 7. interface design: conventional solution 
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Figure 8. Interface design: the IPAC 
device solution 
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Metastability 


With the IPAC device, REQL is generated at the falling 
edge of CSL and removed at the falling edge of 
GRANTL. This is done using only one S-R flip-flop. Be- 
cause S and R are in essence their own clock inputs, 
there is no possibility of metastability (Figure 8). In addi- 
tion, since no intervening synchronizing stage is 
needed, a clock cycle delay has been eliminated. 


Summary 


Metastability can occur in a number of different kinds of 
asynchronous systems, usually due to the inability to 
guarantee that the setup time of the flip-flops will be sat- 
isfied. In standard synchronous systems, where the 
setup time (along with all other timing requirements) is 
specifically designed in, metastability will never be a 
problem. 
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In some situations, metastability is caused by the need 
to interface systems with different clocks. In this case, it 
will never be possible to completely eliminate the possi- 
bility of metastability. Instead, the designer must take 
steps to reduce the probability of a system failure due to 
metastability. 


Inother systems, however, signal! storage is necessary, 
but synchronization is not. In this kind of design, the 
cause of metastability can be eliminated by using the 
PAL22IP6, which provides edge-triggered S-R and 2-T 
flip-flops. Because these flip-flops have no separate 
clocks, there is no setup time, and the major source of 
metastability has been eliminated. 
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Latchup Circuit 


Latchup is caused by an SCR (Silicon Controlled Rectifier) circuit. 
Fabrication of CMOS integrated circuits with bulk silicon process- 
ing creates a parasitic SCR structure. The behavior of this SCR 
is similar in principle to a true SCR. These structures result from 
the multiple diffusions needed for the formation of complemen- 
tary MOS transistors in CMOS processing. The SCR structure 
consists of a four layer device formed by diffused PNPN regions. 
These four layers create parasitic bipolar transistors illustrated in 
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Latchup 





Any CMOS diffusion can become part of the parasitic SCR 
structure, since all of these parts are interconnected through the 
bulk silicon substrate resistance. Other parasitic resistors shown 
result from doped regions of the semiconductor. The magnitude 
to which the resistors resist current flow depends upon geometric 
size and doping level. 


As illustrated in Figure 1, the complementary PNP and NPN 
transistors are cross-coupled, having common base-collector 
regions. The vertical PNP device, M1, has its base composed of 
the N-well diffusion while the emitter and collector are formed 
from P-type source-drain and substrate regions, respectively. 
The lateral bipolar transistor, M2, base is the P substrate with 
emitter and collector junctions formed from N-type source-drain 
and N-well diffusions, respectively. 


Latchup Conditions 


Under normal bias conditions the SCR conducts only leakage 
current and the SCR structure is in the blocking state. However, 
as current flows across any of the parasitic resistors, a voltage 
drop is developed, turning on the parasitic bipolar base-emitter 
junction. The forward bias condition of this junction allows 
collector current to flow in the bipolar transistor. This collector 
current flows across the base-emitter resistor of the complemen- 
tary bipolar transistor, creating a voltage sufficient to turn on the 
transistor. 


A regenerative loop is now created between the complementary 
bipolar transistors such that current conduction becomes self- 
sustaining. Even after removal of the stimulus that triggered this 
action, the current conduction can continue. This region of 
operation is a high-current, low-resistance condition characteris- 
tic of a four layer PNPN structure. This is referred to as latchup. 
Once initiated, the excessive latchup current can permanently 
damage an integrated circuit by fusing metal lines or destroying 
junctions. 
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Figure 3 
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Causes Of Latchup 


Latchup may be initiated in numerous ways. Just the critical 
causes frequently encountered in‘a system environment will be 
discussed. These include power up, supply overvoltage, and 
overshoot/undershoot at device pins. 


Power-Up 


Caution must be exercised when powering up CMOS ICs to avoid 
driving device pins before the supply voltage has been applied to 
the circuit. Placing a device or board in a “hot socket” will create 
this situation. When subjected to hot socket insertion, voltage 
conditions at the device pins are uncertain such that the input 
diodes may be forward biased. Forward biasing the input diodes 
with a delayed or uncontrolled application of V.... could cause the 
device to latch up. Advanced Micro Devices’ CMOS circuits have 
substantial immunity to hot-socket power up, but since this con- 
dition is uncertain, and difficult to characterize, test, and guaran- 
tee, it should be avoided. 


Supply Overvoltage 


Supply levels exceeding the absolute maximum rating can cause 
a CMOS circuit to latch up. Elevated supply voltage may cause 
internal junctions to break down, producing substrate current 
capable of triggering latchup. Latchup is just one of the reasons 
overvoltage should be avoided; other undesirable effects may 
result from this. 


Overshoot/Undershoot 


Generally the I/O pins experience the noisiest electrical environ- 
ment. Fast switching signals with a large capacitive load may 
overshoot, creating a transient forward bias condition at the I/O 
junction. These junction diodes are illustrated in Figures 3 and 4. 
Typically this is where latchup is most likely to be induced. Proper 
design of the input and output buffers is essential to minimize the 
risk of latchup due to overshoot. 
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Testing For Latchup 


Advanced Micro Devices characterizes the latchup sensitivity of 
its devices before they are released to the market. Testing is done 
in such a way as to completely cover every possible latchup 
condition, including V., overvoltage, pin overcurrent, and pin 
overvoltage. 


Veo Overvoltage Test 


The V., overvoltage test is applied to all power (V,,) pins. The 
test is performed at the highest guaranteed operating tempera- 
ture of the device. All inputs and I/Os acting as inputs are tied to 
ground or V_,,. depending on the device logic, and outputs and I/ 
Os acting as outputs are floating (open). 


Voc Max is applied to the V., pin. A positive high voltage pulse 
is then applied to the V.,, pin and returned to V., max. The 
occurence of latchup is detected if the voltage across the device 
is less than V., max, and the current through the device is greater 
than the normal DC operating current. 


Pin Overcurrent Test 


The pin overcurrent test is performed on every output, I/O pin, and 
non-current-limited input pin. Non-current-limited inputs are 
inputs which present a diode-like (or otherwise “infinite”) current 
characteristic for input voltages in the range (GND —5 V) < Vin < 
(Veg +5 V). 


The pin overcurrent test is performed at the highest guaranteed 
operating temperature of the device. Input pins and I/O pins 
acting as inputs (which are not under test) are tied to ground or 


Voc depending on the device logic, and outputs and I/Os acting 
as outputs should be floating (open). V,, max is applied to the 


Voc Pin. 


One pin is tested at atime. Athree-state output under test should 
be disabled. A non-three-state output type under test should be 
a logic High when applying a positive current and a logic Low 
when applying a negative current. An I/O pin should be placed 
into the input mode. 


A high current pulse is then applied to the pin under test. The 
magnitude of the pulse is stepped until latchup is induced. Both 
positive and negative currents are tested. Latchupis observed as 
described previously. The sensitivity of the device is the worst 
case sensitivity found on any pin of the device. 


Pin Overvoltage Test 


The pin overvoltage test is performed on current-limited inputs. 
Current-limited inputs are inputs which present a resistor-like (or 
otherwise “limited”) current characteristic for input voltages inthe 
range (GND —5 V) < Vin<(V.,+5V). 


The pin overvoltage test is performed at the highest guaranteed 
operating temperature of the device. Input pins and I/O pins 
acting as inputs (which are not under test) are tied to ground or 
Voc depending on the device logic, and outputs and I/Os acting 
as outputs are floating (open). V.,, max is applied to the V,,, pin. 


One pin is tested at atime. Both positive and negative voltage 
pulses are applied to the pin under test. Latchup is observed as 
described previously. The sensitivity of the device is the worst- 
case sensitivity found on any pin of the device. 
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IMOX™ PRODUCT TECHNOLOGY AND 
RELIABILITY 


In order to meet the next generation requirements for speed and 
density in PAL devices, an advanced bipolar technology has been 
developed called IMOX-II!. Although IMOX-Ill represents a major 
breakthrough which will allow further scaling to the sub-micron 
region, the technology also shares many features in common with 
prior generations of technology, IMOX-Il and IMOX-IIS. 


The revolutionary breakthrough of IMOX-IIlis the use of reactive- 
ion-etched grooves, called slots, to isolate the transistors. These 
slots are 1.5 microns wide, over 6 microns deep, and are filled with 
dielectric material (Figure 1). Because the transistors are not 
isolated by junctions, space for depletion spreading is not neces- 
sary. Also, since the slots are etched anisotropically, thicker EPI 
layers can be isolated without increasing the isolation widths. Es- 
sentially, no density penalty is paid to achieve high breakdown 
voltages. Higher breakdown voltages are needed to support the 
programming voltages required to program fuses in bipolar PAL 
devices. 


Smaller device sizes translate into faster circuits through smaller 
die sizes and reduced capacitances of active devices and metal 
interconnect. Another advantage of the slot isolation is reduced 
collector to substrate capacitance, which offers improved per- 
formance in many circuit configurations. 


Overall, the IMOX-ill process is a major step forward from 
IMOX-IIS. In addition to the slot isolation, stepper lithography and 
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dry metal and via etching have been implemented, resulting in a 
dramatic reduction in device sizes. The slot isolation allows the 
silicon pitch to be reduced by one-third. The steppers and plasma 
metal etching allow the metal pitch to be shrunk by one-third also. 
Furthermore, the IMOX-IIl process was designed with a 20% 
shrink in mind. This scaling can be accomplished simply by 
shrinking the masks. 


The IMOX-IIl process shares many familiar features with its 
predecessor, IMOX-liS. Oxide-walled bases and emitters are 
used to reduce the size and parasitic capacitances of transistors. 
lon implanted emitters and bases are used to achieve the profile 
control necessary for high performance transistors. The reliability 
of the transistor structure used in IMOX-III has been proven over 
millions of hours of high-temperature tests on products that use 
IMOX-II and IMOX-IIS processes. 


Another key feature familiar to users of older generation IMOX 
PAL devices is the fuse technology. IMOX-IIl uses platinum 
silicide fuses, identical to the fuse technology used on older 
generation IMOX PAL devices. Programming yields are the 
highest possible, and programming times are extremely short 
(about 300 ns). 


The IMOX-III technology also features two levels of metallization, 
as does IMOX-Il and IMOX-IIS. However, with IMOX-IlIl technol- 
ogy, both layers are stepper-defined and plasma-etched. 


IMOX-III technology will enable third and fourth generations of 
PAL devices that will be significantly faster and more complex 
than the current devices. It will also reduce the cost of the new 


INTRINSIC BASE 


COLLECTOR FIELD OXIDE 







POLYSILICON 
SIDEWALL OXIDE 







_— 


/@———- P CHANNEL STOP 


14106-001A 


Figure 1. Slot isolation 
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devices by significantly reducing die sizes or allowing more 
features to be added without increasing present die sizes. Faster 
and more complex PAL devices will permit system designers to 
build advanced computers, communications systems and instru- 


mentation systems at a much lower cost. 


IMOX Product Reliability 


IMOX bipolar Programmable Array Logic (PAL) devices are 
based on two key technologies with many years of high volume 
production experience behind them. 


1. IMOX—The basic process technology employed is IMOX, an 
advanced ion-implanted, oxide-isolated structure. IMOX 
provides very high performance devices with predictable 
manufacturing yields. It has accumulated many millions of 
hours of life test history through its application to the Am27S 
series of PROMs and the Am2900 family of bipolar micropro- 
cessors. 


2. Platinum-silicide fuses—This fuse structure was originally 
developed for use on junction-isolated PROMs. It quickly 
established a standard of excellence for high programming 
yields and long-term reliability. Several years ago it was 
applied to a new generation of ultra high performance PROMs 
based on the IMOX process. 


This combination of IMOX and platinum-silicide fuses has an 
outstanding record of reliability which has been verified repeat- 
edly through in-house life testing and by high-reliability customer 
qualification testing and system use. 


IMOX PAL devices are fabricated with this same combined 
process technology. Not only is the technology for building PAL 
devices and PROMs the same, but also the programming algo- 
rithm and programming circuitry used to program the platinum- 
silicide fuses are the same in all characteristics of importance. 
The result is that the conditions seen by an IMOX PAL device fuse 
are the same as those seen by an IMOX PROM fuse. 


Due to the common process technology, fuse design and fuse 
programming circuitry design, reliability and programming yield 
results are expected to be the same for PAL devices and PROMs. 
Data accumulated to date on PAL devices confirms this 
expectation. 


This report describes the characteristics of the platinum-silicide 
fuse and programming conditions for the fuse, along with a 
description of the ongoing reliability monitor program. 


Platinum-Silicide Fuse 
Fusing Technique 


IMOX PAL circuits are designed to use a programming algorithm 
which minimizes the requirements on the programmer yet allows 
the circuit to program the platinum silicide links quickly and 
reliably. 


The sequence of events to program a fuse are: 


1. Veg power is applied to the chip. 


2. The address of the fuse to be programmed is selected by TTL 
levels on the appropriate address pins. 


3. The outputs are disabled. (Pin 1 serves this purpose on PAL 
devices). 


4. The programming voltage is then applied to one output. 


5. A fuse enable is accomplished by raising an input to a level 
above normal TTL operating voltage. (Pin 11 is used for this 
on PAL devices.) This action gates the current flow through 
the proper fuse, resulting in an open fuse in a few microsec- 
onds. 


6. The output programming voltage is lowered and then re- 
moved. 


7. The device is enabled and clocked if required. The output 
state then indicates whether successful programming has 
occurred. If programming has not occurred a sequence of 
much longer pulses is applied until programming occurs. 


8. The sequence of 2 through 7 is repeated for each bit that must 
be programmed. 


There are several advantages to this technique. First, the two 
high current power sources, VCC and the voltage applied to the 
output, do not have critical timing requirements. As the program- 
ming current is gated through the fuse actively, there is no 
dependence on the rise rate of the programming voltage. A fast 
application of programming current is desirable for optimum 
programming. Since the output programming voltage does not 
have to be applied rapidly, breakdown and latchback problems 
attributed to fast voltage rise times on the output are avoided. 


This programming procedure has a second major advantage. If 
the fuse does not open during the first programming pulse, longer 
programming pulses are used. With the platinum-silicide fuse, 
long programming pulses may be safely applied with no danger 
of developing a reliability problem. The algorithm can therefore 
be designed to minimize the time required to program by using a 
fast first pulse followed by a longer pulse if needed to program the 
occasional fuse that does not open with the first short pulse. Most 
devices do program satisfactorily with all short pulses. 
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Fuse Characteristics 


When a fast (less than 500 ns rise time) current pulse is applied 
to a fuse, the fuse voltage rises abruptly to a value determined by 
the room temperature resistance. However, it then quickly falls to 
a value of approximately 2 V. This value is nearly independent of 
the applied current. During the period of time the fuse is molten, 
the fuse current drops very abruptly to zero indicating the 
separation of the platinum-silicide into two distinct sections. 


Scanning Electron Microscope photographs ofthe resulting fuses 
(Figure 2) indicate that the typical case is asharpclean separation 
in excess of a micron. This separation occurs in the center of the 
fuse because the “bow-tie” structure (Figure 3) concentrates the 
energy density in the center away from the aluminum intercon- 
nect lines. The energy density in the center of the fuse creates 
temperatures substantially greater than those required to meltthe 
silicide. Melted material is then “wicked” from the center of the 
fuse to either side due to surface tension. 





Unprogrammed Fuse 





Programmed Fuse 
Figure 2. Scanning Electron Microscope Photo—Unprogrammed and Programmed Fuses 
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MATERIAL FROM CENTER GAP 14106-002A 


Figure 3. Bow—Tie Fuse Design 


Reliability Testing Data 


Data on the reliability of PAL and PROM devices with platinum- 
silicide fuses is gathered via the Reliability Monitor Program 
(RMP). The RMP is an ongoing program conducted on all device 
types across all product lines, and is designed to ensure that all 
IMOX devices meet acceptable reliability levels. A summary of 
the RMP tests for hermetic and plastic molded packages are 
shown in Tables 1 and 2. 








TYPICAL 


TEST CONDITIONS 


SAMPLE 
160 hours at 125°C 
ambient. Initial and 
end-point electrical 
tests. 





Infant 
Mortality 








1000 hrs (1160 total) 
at 125°C ambient. 
Initial and end-point 
electrical tests. 






Operating 
Life 


















1000 cycles, (~65°C to 
150°C), 30 min/cycle. 
End-point-hermeticity 
and electrical tests. 






Temperature 
Cycle 











150°C 
Operating 
Cycle 


1000 hours at 150°C 
ambient. 

initial and end-point 
electrical tests. 





* These units are hermetically tested prior to commencement of 
test. 


Table 1. Reliability Monitor Program for Devices in 
Hermetic Packages 


Data on IMOX PAL and PROM devices has been gathered over 
millions of device hours and more than 40 billion fuse hours of 
high temperature operating life tests (HTOL). The life test circuits 
used in this work conform to MIL-STD-883 method 1005 condi- 
tions C and D. This data indicates a projected unit failure rate (at 
60% confidence) of 0.0002%/1000 hrs. at 70°C. 


Results of the IMOX RMP are updated periodically and can be 
obtained through inquiry to any of the Sales Offices listed in the 
back of this handbook. 


TYPICAL 
SAMPLE 
CONDITIONS SIZE 


160 hours at 125°C or 
85°C ambient (Tj <150°C 
nominal). Initial and 
end-point electrical tests. 


Mortality 


1000 hrs (1160 total) 
Operating @ 125°C or 85°C ambient 
Life (Tj <150°C, nominal). 
Initial & end-point 
electrical tests. 


85°C/85% RH/low power 
Temperature | bias, 500 hours and 
And 1000 hrs. 
Humidity Initial, interim, and 
end-point electrical tests. 


Temperature 1000 cycles: —-65°C 

Cycle to 150°C, 30 minutes/ 
cycle. High temperature 
(75°C min) functional 
end-point electrical test. 


Pressure 
Cooker 


121°C, 15 psi, 160 
hours, unbiased, initial 
end-point electrical test. 





Table 2. Reliability Monitor Program for Devices in Molded 


Packages 





7-6 


Oxide-!Isolated Bipolar Technology 


MONOX 3™ OXIDE-ISOLATED PROCESS 


The MONOX 3 process is an evolution of the junction-isolated 
process used in the popular 15 nanosecond PAL family. The 15 
ns PAL device process is a shallow-junction, ion-implanted, 
diffused isolation technology. 


When the time came to advance PAL device speed through 
improved process technology, the decision was made to evolve 
from and benefit from the proven reliability, simplicity, and manu- 
facturability of the 15 ns PAL device process. Only fuily recessed 
oxide isolation and stepper design rules were to be added for the 
new technology. The fully recessed oxide isolation technology to 
be used had already been proven in earlier processes. 


MONOX 3 Process Description 


The unique feature of MONOX 3 is the isolation structure (patent 
pending) which combines the best features of fully recessed 
oxide isolation (FULROX) and diffused isolation, while maintain- 
ing a very dense structure. The advantages of FULROX, low 
Capacitance and high density, are well known to the industry. 


Diffused isolation has an important advantage for transistors that 
are driven hard into saturation, as inthe case where minimum size 
array transistors are used to program fuses in PAL devices. !n this 
case, substantial current is injected into the substrate, and this 
may adversely affect nearby circuitry. While this substrate injec- 
tion can be reduced in FULROX, it has an adverse effect on ca- 
pacitance and perhaps density. 


In MONOX 3, the diffused portion of the isolation acts as an ex- 
cellent substrate contact and as a sink for the injected substrate 
current. This permits the FULROX to be optimized both for 
density and for low capacitance, lower than is typical for industry- 
standard oxide isolation. The typical density disadvantages of 
diffused isolation are minimized by containing the diffusion within 
the FULROX. This isolation structure results in a die that is 


substantially smaller than some trench-isolated products, and 
that has lower capacitance than other oxide-isolated products. 


Other features of the MONOX 3 process are: 


* Fully ion implanted except for buried layer—This permits 
excellent contro! of the layers for a consistent product, and 
permits a base width of 2000A which yields a cutoff frequency 
f, of 4.3 gigaHertz. 


¢ High-pressure oxidation—This is used for the recessed isola- 
tion to minimize process temperature and crystal defects. 


e Oxide walling all devices—This eliminates potential leakage 
paths that might cause reliability problems. 


¢ Planarization of the isolation “bird’s head” shape—This im- 
proves lithography and metal step coverage. 


e N+ and P+ sink diffusions—These lower parasitic resistances. 


¢ Dry (plasma) etch—This improves control and density of most 
layers including metal. 


¢ Platinum silicide Schottky diodes—These prevent saturation of 
the logic transistors for improved speed. 


* Titanium Tungsten fuses—These are simple and reliable. 


* Doubie layer metal, with intermetal planarization—tThe first 
metal pitch is 4.5 microns and the second layer metal pitch is 
6.0 microns. 


¢ Stepper lithography with 1.5 micron minimum design rules 
(1.3 micron fuses)—This not only makes the die more compact, 
but significantly improves the fuse programming (see next 
section). 
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MONOX 3 Fuse Technology 


The fuge technology in MONOX 3 is Titanium Tungsten (TiW). 
This fuse technology has been used for years in millions of chips 
that have proven to be the industry’s most reliable programmable 
logic parts. 


In MONOX 3 the fuses are further enhanced by using stepper 
lithography to print them 1.3 microns wide. This significantly 
lowers the programming current from 70 milliamps to 35 mil- 
liamps maximum. A lower programming current means less 


power and heat are needed, leading to increased reliability and a 
denser chip design. 


MONOX 3 Summary 


In conclusion, MONOX 3 was designed to be and is both high- 
performance and simple. Only thirteen masking layers, two 
diffusion cycles, and four oxidation cycles are used. This yields 
a process that competes with, and out-performs, other currently 
available programmable logic technologies. The relatively few 
steps needed to manufacture MONOX 3 devices mean fewer po- 
tential problems and increased reliability. 
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PRODUCT TESTABILITY 


Thorough testing of programmable logic devices by the manufac- 
turer is important to both the performance of programmable logic 
and its cost of use. 


Field programmable logic devices are different from other semi- 
conductor products in that the user must complete the manufac- 
turing process by programming and functionally testing the parts. 


Programming is normally accomplished on commercially avail- 
able programming equipment. Functional testing may be per- 
formed on a programmer, on automatic test equipment or at the 
board or system level. Figure 4 illustrates where device failure 
detection can occur. Clearly, the cost implications of failure 
become more serious with each advancing step. 


| DESIGN 
SOFTWARE 
FUSE 
PARTS PATTERN 


|; PROGRAMMING 
PROGRAMMING REJECT 


AC, DC,OR 
caeane a FUNCTIONAL 
REJECT 


BOARD ,| PERFORMANCE 
TEST REJECT 
| SYSTEM | PERFORMANCE 
TEST REJECT | 
PERFORMANCE 
REJECT 


Figure 4. 


ON-SITE 
OPERATION 


14106-007A 


As a result of assuming the responsibility of programming and 
test, the user gains all the benefits of a custom function with the 
cost and availability advantages of a standard product. However, 
the user must also deal with those parts that do not program suc- 
cessfully or do not function to advertised specifications after 
programming. 


Testing before shipping can make a difference to the user in: 


1. Programming yield 
2. Post-programming functional yield (PPFY) 
3. Uniformity of performance 


This paper describes the techniques used on IMOX process PAL 
devices to allow testing of these three important attributes on 
every device before shipment to the user. 


Programming Yield 


Programming yield is the measure of the success of the program- 
ming operation. Large volume users of programmable logic keep 
records of the programming yield history of their suppliers’ parts. 
Programming yield is considered by these users to be an impor- 
tant element in judging the overall suitability of different 
suppliers’ parts. 


Post-Programming Functional Yield 


Experienced PROM and EPROM users are sometimes puzzled 
by the fact that not all programmable logic devices function 
correctly even though they have successfully completed a pro- 
gramming operation and fuse verification check. 


With PROMs, a one-for-one relationship exists between address 
states and programming elements (which can be fuses, floating 
gate MOS devices, open-base NPN transistors, etc.) Thatis, the 
state of each output for each address is dependent on the 
condition of only one fuse. Sensing a desired fuse state after 
programming therefore practically guarantees correct functional 
operation (at least at the voltage and temperature conditions of 
the programming operation). 


With programmable logic devices the relationship between pro- 
gramming success and post-programming functionality is not 
one-for-one. Except for the simplest of patterns and devices, the 
relationship is highly complex. Feedback buffers allow the crea- 
tion of more than one level of logic; latches, counters, shift 
registers, and even oscillators can be created. Special fuse 
functions such as polarity control, output enables, register/com- 
binatorial path selection and buried registers complicate the 
relationship further. 


This is the power of programmable logic—but the testing chal- 
lenge that results from this versatility can be substantial. Logic 
states for programmable logic devices can depend on multiple 
fuses. The fuse verification procedure that examines each fuse 
uniquely is therefore not sufficient, as it is with PROMs, for 
guaranteeing functionality. 


All programmable logic devices contain special on-chip program- 
ming circuitry and modes to allow programming and verification 
of each individual fuse. The complexity of programming may vary 
significantly, but all have one thing in common—successful 
programming by itself cannot guarantee functionality. 


The user’s job does not end then with the programming operation. 
To be assured of a functional part, a comprehensive set of test 
vectors must be applied to the part. Many device programmers 
accept test vectors along with fuse programming vectors and will 
apply the test vectors to the part following the programming 
operation. The PRELOAD feature greatly simplifies the test 
generation problem for registered parts. 
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Uniformity of Performance 


The buyer of a programmable logic part has the right to expect 
that the performance specifications appearing on the 
manufacturer’s data sheet will be met for all legitimate applica- 
tions of the part. This applies to each and every logic path and 
function. 


A glance at the logic diagram for an unprogrammed part shows 
that, with the array in its unprogrammed state, no amount of 
activity of the inputs can make any output switch. Without any 
programmed fuses, the AND gates see both the true and comple- 
ment of all inputs. 


If post-programming performance is to be guaranteed with 
absolute confidence, test circuitry must be provided to allow each 
path to be tested to data sheet performance. 


Approach to Designing in Testability in 
PAL Devices 


The approach to the design of programmable logic was strongly 
influenced by the goal to provide users with the best programming 
yield, post-programming functional yield, and uniformity of per- 
formance. 


Designing programmable logic can be viewed as a three-dimen- 
sional task involving high-performance logic design, fuse pro- 
gramming circuit design and test circuit design. 


The first dimension is the design of a high-performance logic 
circuit with SSI/MSI competitive switching speeds and very high 
output drive for bus environments. 


The second dimension of programmable logic design is the 
programming circuit design. The emphasis of this design is to 
provide circuitry that will deliver large programming currents to 
individual fuses. Special decoders, demultiplexers, buffers and 
mode select circuitry are needed. The circuits need not be fast 
since programming occurs at microsecond speeds. Because the 
circuitry is not used after programming, it is desirable that it 
consume power only during programming and not during 
operation. Since large voltages are required to generate pro- 
gramming current, survival under high voltage is also required. All 
of these requirements are quite different from the logic circuit 
requirements but must be achieved within the same part. 


Testability is the third dimension of programmable logic design. 
This overlay of circuitry provides the means to exercise the part 
through all of the possible paths that might be activated by 
programming. Test circuitry is also needed to insure that the 
programming circuitry will function properly. Testability is thus 
important to achieving high programming yields, post-program- 
ming functionality, and performance to data sheet specifications 
through all possible paths. 


The unique challenge of programmable logic design is to inte- 
grate these three dimensions in the most efficient manner. 


Testability in the Programming Circuitry 


Good programming yields are in the high ninety percent range. 
Advanced Micro Devices PAL device programming yields are 
typically higher than 98%. 


Three things contribute to the high success rate in programming 
IMOX fuses: 


1. Uniform fuse cross sections. 

2. Pretesting of the current delivery and sink capability of 
column drivers and row drivers through use of wafer sort 
test pads. 

3. Sample fusing of test rows. 


Uniformity of Fuse Cross Sections 


The IMOX process gives consistently uniform platinum-silicide 
fuse cross sections. Uniformity is monitored by measuring fuse 
resistance test patterns on a sample basis in every wafer lot. The 
data is processed for mean and standard deviation and trend 
plots are maintained. Material not meeting fuse width control 
limits is scrapped. 


Testing for Fusing Current Delivery Capability 


On every IMOX PAL device there are two extra pads that are 
probed at wafer sort. These extra pads are used to gain access 
to the fuse array for special testing at wafer sort. The connection 
of these pads to the fuse array is shown in Figure 5. 


The programming process involves selection of individualcolumn 
and row drivers to deliver and sink programming current through 
selected fuses. The extra test pads allow easy access for 
individually testing the source and sink capability of each column 
and row driver. Also a reverse leakage check of all of the Schottky 
diodes in the array is possible by applying bias between the pads. 
Without the test pads, all of these tests would be impossible or 
would have to be accomplished in a less direct and less effective 
manner. 


Sample Programming 


To further assure programmability, the IMOX PAL devices include 
an extra test input buffer with fuses connected to each of the array 
columns. 


Programming one test buffer fuse per column accomplishes two 
important things. First, a sample fuse has been programmed 
using each of the column drivers. The sample fuse is exactly the 
same dimension as all of the normal array fuses, and the test 
buffer drivers sinking the programming current are identical to all 
of the normal drivers. Before shipment each IMOX PAL device 
has had a sample of fuses programmed on the test buffer. 


The second purpose in programming the sample fuses is to 
create a pattern for AC and functional testing. 


Oxide-Isolated Bipolar Technology 
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Figure 5. 


Testability to Guarantee Functionality After 
Programming 


A typical PAL device, the PAL16R4, is shown in Figure 6. Not 
shown in the logic diagram are the components located at each 
horizontal and vertical line intersection. For IMOX PAL devices, 
a fuse and a Schottky diode reside at each cross point as shown 
in Figure 5. 


The horizontal or “Product Term” line is then the common anode 
connection for a 32-wide diode AND gate. The user’s job is to 
figure out which of the 32 inputs should be connected to the AND 
gates. The inputs not needed must be disconnected by program- 
ming the fuse shown in series with the diode. 


The obvious problem from a manufacturer’s test standpoint is: 
How can it be guaranteed through testing that the device will work 
after fuses are programmed? If the only logic in the device were 
that shown in Figure 7, testing would be nearly impossible. With 
16 LOW levels and 16 HIGH levels presented to each AND gate, 
the LOWs win. All 64 AND outputs are thus always stuck LOW, 
and there is no way to get the output to toggle for AC or DC 
test purposes. This is the raw state of any device before 
programming. 


Necessary Testability Requirements 


Something more is needed in every PAL device to assure close 
to 100% functional yield after programming. The IMOX PAL 
devices have an overlay of test circuitry that accomplishes the 
following: 


1. Each input and feedback buffer can be checked for 
functionality. 

2. Each of the AND gates can be switched HIGH and LOW 
and uniquely sensed by an output. 


These two tests are necessary to the guarantee of close to 100% 
post-programming functional yield. 


Under normal operating conditions the test circuitry is inactive 
and consumes very little power. Supervoltages cause it to come 
alive. Supervoltages are levels substantially higher than Vcc so 
that under normal operating conditions accidental activation of a 
test mode cannot occur. 


In this paper a double line on the input side of a logic symbol 
indicates that the HIGH level must be a supervoltage to 
activate it. 


Checking the Input and Feedback Buffers 


Functionality of the input and feedback buffers is checked withthe 
aid of the extra AND gate dedicated to this function. Figure 7 
illustrates the AND gate and its associated enabling circuitry. 


The non-inverting or true side of each input and feedback buffer 
is connected to the special test AND gate. The AND gate is 
activated by a supervoltage on one of the input pins. The function 
actually takes two activating inputs to implement since the use of 
one for activation prevents that pin from being tested for function- 
ality. Having an alternate pin to activate the function solves this 
problem. 


Only the non-inverting side of each buffer is hooked up to the AND 
gate because each buffer is constructed from two inverters in 
series. The first inverter must work for the second one to work, 
so that checking the second one is sufficient to prove that they 
both work. 


The feedback from the output used for the test cannot be fed to 
the test AND gate; such a connection would make the test output 
oscillate. For this reason its feedback input is not connected and 
is tested by creating another test AND gate on a different output 
and routing it there. 





7-11 





28 29 30 31 


sia 


24 25 26 27 


Oxide-Isolated Bipolar Technology 


16171819 


13 1415 


891011 


0123 


14106-009A 








lL —A 
4 
sai 





28 29 30 31 


Figure 6. 


x 


\? 


mee re (Lar er Ut sooee S 
APT nh tenn terre te tet Wot Coq /s 
[-{t1.) |). |...) tt) tt ee rtf, Ld 
Season Sa So eae Se ee eae ae oe ee een oe on ee ee ae oe aan ee ee Hes, 
OIG Ede Deeb OUR ee Tec euch Wee See PEELE ei eet ret 13 
=Ses=SSS == S SSS SS SS SSS Se ese eS ee eee eS 
PPE eee ee eee eo oe 
EEE Eee” 2 
ee eee EU DED ee a ee Se EU es A nr ne See 
SE eS 
/) SEE ere eee eT eet Ieee TN 
Seen SS ee eee ee ee oe ee eee Seen ee er ee Soe ee eee oe ae a ee ee 
vi MSP Ee Po eerie Pee Ree) ne Mer ln pba He Perel Eph E \e 
(7) SEER EEE EE REE Eee 
s/| THT TTT Tr TN 
7 | SSR oS 
/ Ne 


Oe FG 


e + | | 
, ree Ke NNN NNN 
wo ” + 


N 


7-12 


Oxide-Isolated Bipolar Technology 


Input —))_> 


TEST ENABLE 


TEST 
AND 
GATE 


TRUE CONNECTED 


Lge 


COMPLEMENT 
UNCONNECTED i ) > 
TYPICAL OUTPUT 
INPUT OR ENABLE 
FEEDBACK 
i ? 
& Pacem 
FEEDBACK 
BUFFER 
14106-010A 
Figure 7. 


Since the special AND gate used to test all of the buffers is 
identical to those used in the normal operating path, switching 
each input through this path provides the means for testing the 
switching performance of each buffer. 


Testing the AND Gates 


The next important test requirement is to make sure that all of the 
AND gates work and will switch at data sheet speeds. This test 
challenge is little more complex. 


What is needed in this case is: 


1. Ameans of decoding one AND gate at a time in each 
output. 

2. Away to force all input and feedback buffers to a HIGH 
level on both true and complement outputs. 

3. Aspecial input of identical design to a normal input that can 
be used to switch the decoded AND gates. 


These requirements are met by the circuitry shown in Figure 8. 


The decoder to select one AND gate at a time in each output 
serves a dual purpose. It is the same decoder that provides 
unique selection of product term lines for programming and fuse 
verification. It responds to binary combinations of TTL signals at 
three input pins; only one of the eight outputs will go high at a 
time, thereby isolating each AND gate. 


The special test input that is used in this mode also serves a dual 
purpose. It was mentioned earlier in this paper that a program- 


ming sample was performed on each part. This special test input 
is the input that carries the test fuses. During the sample 
programming operation the fuses are programmed in a pattern 
that allows switching of all 64 AND gates, one in each output, for 
each of the eight decode states. 


The input to the special buffer for AND gate testing is one of the 
normal input pins, but the buffer is inactive for normal operation 
and must be activated by supervoltage levels applied to two other 
inputs. 


The supervoltage levels also provide the signal to force all of the 
buffer outputs HIGH, which is one of the three necessary require- 
ments for AND gate testing. 


Since the design of the special buffer is identical to all of the 
normal input buffers, it serves as a surrogate buffer for speed- 
testing all of the AND gates. In the AND gate test mode, all eight 
outputs are switched at once, since one AND gate is selected in 
each output. For registered outputs the AND gate switching path 
provides a means of testing setup and hold times. 


SUMMARY 


All IMOX programmable logic devices have designed-in testabil- 
ity and are achieving yields of greater than 98% for programming 
and better than 99.9% functional and AC test yields after pro- 
gramming. Even higher goals have been set for future products. 
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Emitter-Coupled Logic (ECL) delivers high speed, high input 
impedance, and low output impedance. These features are ideal 
for system designers who want to improve system performance. 
ECL achieves high speed by operating the transistor in a non- 
saturation mode, so that the storage-time delay associated with 
saturating logic is not present. When high input impedance is 
combined with low output impedance, large fan-in and fan-out 
can be achieved; in addition, low-impedance transmission lines 
can be driven. 


Current Switch 


The differential amplifier (Figure 1) is the basic building block for 
ECL logic; it functions as a current switch. Current |, is steered 
either through resistor R, or R, depending on the input voltage 
(VIN). A difference of 150 mV between VIN and VBB will cause 
the current |, to flow entirely through the transistor with the higher 
base-emitter voltage (VBE), due to the exponential relationship 
between the collector current and VBE. 


When VIN is 150 mV less than the reference voltage (VBB), the 
collector voltage of Q, (VC2) willequal VCC- |,R when R,=R,=R, 
and the collector voltage of Q, (VC1) will equal VCC. When VIN 
equals VBB, the two collector currents will be equal and 
VC1=VC2=VCC- |,R/2. When VIN is 150 mV higher than VBB, 
VC1=VCC- 1R, and VC2 = VCC. Although the switching thresh- 
old is 300 mV centered about VBB, the signal swing is made 
larger (approximately 850 mV) to provide noise immunity and to 
provide for differences between input thresholds of one circuit 
and output voltage levels of another. The values of R and the 
current source are chosen to determine the voltage swing and 
ensure the charging and discharging of parasitic capacitances 
at a given switching rate. 


lf we consider VCC to be a high logic level, and VCC- IR to be 
alow logic level, then VC1 will always be the inverse of VC2. That 
is, they are complementary outputs. 


VCC 


VBB 
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Emitter-Follower 


To keep the current switch out of saturation, VIN must not be 
greater than VCC-a|,R. For matched switching speed the volt- 
age swing should be centered around VBB, which must also be 
below VCC- al,R by at least one half the voltage swing. To meet 
these restrictions, an emitter-follower is added to the current 
switch (Figure 2). This shifts the level of VC1 and VC2 down by 
a diode, and allows the logic gate to have compatible input and 
output levels. The emitter-follower also isolates the collector 
switch nodes from the output load, and provides the low output im- 
pedance that is beneficial to this logic family. On outputs, the 
emitter-follower can drive a 50 Q load to —2.0 V. This allows a 
terminated transmission line, preventing reflections. 





Figure 2. Gate with Emitter-Foliowers 
OR Logic 


The buffered switch in Figure 2 functions as a buffer or an inverter. 
By adding a second input transistor to the buffered switch 
(Figure 3a), a wired-AND of the collector impedances is formed 
at VC1. By using DeMorgan’s rule, this AND function is inverted 
into the NOR of the two inputs. The inverse of VC1, the OR 
function, is generated at VC2. 





VEE 


Figure 3a. OR/NOR Gate 


ECL Technology 





Additional parallel input transistors can be added to this gate to 
create multiple input gates (Figures 3b and 3c). The limit of the 
number of parallel input transistors is set by the speed of the gate; 
additional input transistors add more capacitance to the collector 
switch node forming the NOR logic. Given enough capacitance 
difference between the two collector switch nodes, a skew in the 
two outputs will occur. 





A@B ea tes is 
(A +B)* (A+ B)i6: 


Current Source 


The current source used in 10KH and 100K ECL circuits is 
illustrated in Figure 4. The source current |, is set by the reference 
voltage VCS, the emitter resistor R,, and the base-emitter volt- 
age of Q,. VCS is internally generated and is at a fixed voltage 
with respect to the negative supply VEE. The source current is 
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Figure 3b. 2-Input XOR/XNOR Gate 
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Figure 3c. 3-Input XOR/XNOR Gate 


ECL Technology 


independent of the VEE supply voltage because of this fixed 
voltage. The output levels are primarily determined by the 
collector voltages of Q, and Q,. As discussed earlier, these 
voltages are VCC-al,R or VCC. This relationship between the 
output levels and the source current makes the output levels 
practically insensitive to VEE variations. Thus these ECL circuits 
are said to be voltage compensated. The variation of output 
voltages with respect to VEE for the 10KH and 100K families is 
shown in Table 1. 





VEE 14107-006A 
Figure 4. 





Table 1. Voltage Sensitivity 


Input Threshold Regulation 


The input threshold region is centered around VBB. VBB is 
internally generated and is at a fixed voltage with respect to the 
positive supply VCC. Variations in VEE have minimal effect in the 
value of VBB. The relationship between VBB and VEE is also 
shown in Table 1. 


10KH Temperature Tracking 


The output levels of 10KH circuits vary over temperature. The 
input threshold voltage VBB also varies over temperature to track 
the output variation. The temperature tracking characteristics of 
the 10KH output levels and input thresholds are shown in 
Table 2. 







AVOH/AT mV/°C 
AVOL/AT mV/°C 
AVBB/AT mvV/°C 


Table 2. Temperature Sensitivity 
















100K Temperature Compensation 


The output levels and input thresholds of 100K circuits are 
temperature compensated. The input threshold is compensated 
in the bias network by referencing it to the extrapolated energy 
band-gap voltage of silicon (VGO = 1.3 V), which is generated in 
an on-chip regulator. The output levels are compensated by a 
cross-connect network in the current switch and a temperature- 
regulated current-source driver (Figure 5). The cross-connect 
network adds a negative temperature coefficient to the base of 
Q, when the true output of the gate is in the VOH state, which 
compensates for the positive temperature coefficient developed 
by the base-emitter junction of Q,. Additionally this same circuit 
adds a positive temperature coefficient to the base of Q, when the 
gate is in the VOL state, thereby compensating for the dominant 
negative coefficient introduced by the gate’s current source. The 
temperature dependence of the 100K output levels and input 
thresholds is shown in Table 2. 


VCC, 
VCC2 


CROSS-CONNECT 
NETWORK 





VEE 14107-007A 
Figure 5. Output Temperature Compensation 


Voltage Supply Range 


Because the outputs switch high currents very rapidly, they can 
generate alot of noise onthe VCC line. The circuitry operates with 
small voltage swings, so this noise can disrupt the rest of the 
circuit. For this reason, multiple VCC lines are used to isolate the 
internal “clean” VCC from the VCC that drives the outputs, 
(Figure 6). If the device has many outputs, several “dirty” VCC 
pins may be used. As a general rule, provide one VCC for each 
group of four outputs. 


Because of the necessity for a clean VCC supply, it is desirable 
to connect it to the most stable voltage in a system, which is 
normally ground. Thus VEE is normally negative. The normal 
ECL VEE supply ranges are shown in Table 3. 





Table 3. 
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"CLEAN" VCC "DIRTY" VCC Noise Margins 


Noise margins between circuits with different supply voltages do 
not degrade more than 30 mV because of the insensitivity of both 
the output voltage and the threshold voltage to changes in VEE. 
This simplifies the requirements for the system power regulation 
and distribution. The minimum noise margin is defined by the dif- 
ference between the Min VOH and Min VIH, or VNH, and the 
difference between the Max VOL and Max VIL, or VNL (Figure 7). 


In Table 4 the input and output electrical characteristics are shown 

for the 10KH family. Both VNH and VNL are 150 mV for two parts 

14107-008A at the same temperature. With one part at 0°C driving another 

part at 75°C the VNL drops to 50 mV. This happens because the 

input thresholds and output voltages of 1OKH circuits are not tem- 

perature compensated. The 100K circuits have temperature 

compensation and provide better noise margin for parts operating 

VIH MAX at different temperatures. Table 5 shows this; notice that input 
and output characteristics are specified for difference in power 
supply and not in temperature as is Table 4 for 1O0KH character- 
istics. The worst-case VNH for 100K parts is 115 mV. This occurs 
when one part has a VEE of —4.8 V and is driving a part whose 
VEE is at -4.2 V. The worst-case VNL for 100K parts is also 
115mV. This occurs when one part has a VEE of —4.2 V and is 


Figure 6. 


VOH MAX 
VOH MIN 






VOL MAX 





VOL MIN VIL MIN 
SieBoETAAE ae . ae ae yasaee driving a part whose VEE is at 4.8 V. The system designer must 
also take into account any variations in VCC from one part to the 
14107-009A other as this will have direct affect on the system performance 

Figure 7. Noise Margins with respect to noise. 


10KH Electrical Characteristics v,. =-5.2 V + 5%, Outputs Terminated With 50 Q to -2.0 V 
25° 















SYMBOL PARAMETER UNIT 





MAX | MIN MAX 























Veg High output voltage ~1.02 —0.84 —0.98 —0.81 V de 
Vor Low output voltage — —1.95 —1.63 -1.95 | -1.63 Vde 
Vii High input voltage —1.17 ~—0.84 —1.13 —0.81 | Vde 
Vie Low input voltage —1.95 —1.48 —1.95 —1.48 —1.95 Vdc 


Table 4. 10KH Input and Output Characteristics 
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100K Electrical Characteristics o°c < T, <85°C, Outputs Terminated With 50 Q to -2.0 V 


‘smo. TEST CONDITIONS 

aes nena RCC 
ra [=100s | — | 0800 

High output voltage ) 45 | -1.025 | -0.995 | -0.880 Vdc 

48-1085 | — | -veeo_ 

2 [seo | — | 1005 | 


bb Low output voltage —4.5 ~1.810 | -1.705 | -1.620 Vde 


H 
—4.8 —1.810 —1.620 
—4.2 ~1.150 —0.880 
Vig High input voltage 





Vo 





V 


—4.5 —1.165 —0.880 Vde 
—4.8 —1.165 —0.880 
—4.2 —1.810 —1.475 


—1.810 —1.475 Vde 


—1.810 -1.490 


Table 5. 100K Input and Output Characteristics 













Low input voltage 
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In addition to bipolar TTL and ECL and UV CMOS tech- 
nologies, AMD programmable logic devices are manu- 
factured using an advanced CMOS EEPROM-based 
technology. This technology offers the advantages of 
low power, low cost, and electrical reprogrammability 
for customer prototyping and code changes. In addition, 
since the EE cells can be reprogrammed, these devices 
can be 100% tested at the factory before being shipped 
to the customer. 


Most AMD CMOS PAL” devices are manufactured with 
a high-performance, electrically erasable process tech- 
nology called EE2. This technology has been specifi- 
cally designed to fulfill the following requirements of fast 
programmable logic: 


1. High performance 

2. Low cost, high manufacturability 

3. High reliability 

4. Improvement path through scalability 

EE2 is a single-poly double-metal CMOS process that 
uses an AMD-patented EE ceil. This cell has a very high 
coupling ratio (>80%) and separate read and write paths 
to optimize programmability and reduce the parasitic ca- 


pacitance in the speed path. Table 1 summarizes EE2’s 
main characteristics. 


Table 1. EE2 Technology Summary 


CMOS N well P| 
Substrate | Grounded | 
| Polysilicon a 
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The single-poly solution has been chosen for the follow- 
ing reasons. 


COST AND MANUFACTURASBILITY 


Being a single-poly process, the number of masking 
steps is reduced. The process is very comparable to 
high-performance, high-volume logic and SRAM proc- 
esses. This allows the devices to benefit from the 
economies of scale and extremely high yields associ- 
ated with high-volume manufacturing. 


PERFORMANCE 


The single-poly solution makes it easier to implement 
very tight dimension controls, required for high perform- 
ance, in high-volume manufacturing. 


RELIABILITY 


With the single-poly solution, the traditional interpoly di- 
electric is replaced by a high-quality gate oxide. The 
thermal stress on the tunnel oxide is reduced by the ab- 
sence of interpoly dielectric and second-poly deposition 
steps. This increases both data retention and endur- 
ance. 


AMD specifies an endurance of 100 cycles for 
EE2-based CMOS PAL devices, which is sufficient for 
logic applications. The data retention specification is 20 
years at the absolute maximum operating temperature 
and 10 years at the absolute maximum storage tem- 
perature. 


SCALABILITY 


Being very close in architecture to a standard high- 
performance logic process, EE2 will very easily benefit 
from the progress made on technology drivers such as 
SRAMs. This guarantees a smooth evolution from one 
generation to another, providing higher performance 
and lower cost. 


in summary, by considerably simplifying the process, 
the single-poly solution allows the use of very high- 
performance CMOS technology for low-cost program- 
mable logic devices. 
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INTRODUCTION 


Product Assurance consists of Quality Control, Reliability Assur- 
ance, Quality Assurance for Military Products and Quality Assur- 
ance for Commercial Products. 


Quality Assurance 


Quality Assurance for the Commercial Products includes cus- 
tomer support and failure analysis, outgoing inspection and 
factory support, document control and quality information. 


In order to support customers, QA provides actual data generated 
during various monitors and inspections throughout the factory. 
Non-proprietary data is available upon request. If the specific 
data is not immediately available, experiments can be run to 
collect the necessary information subject to resource and time 
limitations. 


Another aspect of customer support is the performance of failure 
analyses. Failure analyses are broken down into three levels. 
Level 1 analysis consists of failure verification using an automatic 
tester. The result is only whether or not the device under test is 
good or bad with a datalog pointing out the potential failure mode. 
Level 2 analysis consists of Level 1 plus the verification at abench 
top setup which results in confirmation of the failure mode with 
detailed specific data. Level 3 adds to Level 2 a decap and 
physical analysis to isolate the failure mechanism. Advanced 
Micro Devices has the capability to perform the total analysis in 
house, but occasionally sends analyses to outside sources 
whenever circumstances deem it necessary. Quality Engineer- 
ing goals for cycle time are to complete Level 1 analyses within 
seven days, Level 2 within 14 days, and Level 3 within 30 days. 


Not all customers want or need a full Level 3 analysis every time. 
The level can be specified at the time of submission. A failure 
analysis should be requested through the Sales person or Field 
Applications Engineer (FAE). Afailure analysis request form will 
be completed at that time and the request form and suspected 
failure(s) will be forwarded to Quality Assurance. 


Upon completion of the analysis, a formal report will be made to 
the requester. The report will summarize the results of the 
analysis and enumerate the steps foilowed in performing the 
analysis. In most cases, a statement of the corrective action 
taken to prevent future occurrences will be included for valid 
failures. In those cases where no failing condition is found, the 
device(s) and report are forwarded to the requester. 


Quality Assurance supports the factory with periodic auditing of 
the various processes, areas and products. The Discrepant 
Material Reporting system (DMR) provides the factory feedback 
onthe level of quality it is producing as well as providing protection 
to our customers via a gating of the product. The Quality 
Inspection group takes a 200 piece sample (.065% AQL for lot 
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sizes according to MiiHDBK—105D) from each production lot for 
visual and mechanical testing and electrical testing. The lot is 
returned to production for rescreening if a defective unit is found 
inthesample. The results of the inspections are summarized and 
reported weekly. Through programs aimed at solving the causes 
of the defects, Advanced Micro Devices has improved quality 
levels significantly. 


As a customer, you can learn from our experience. Our data 
suggests that handling is the number one cause of defective 
material. Whether it is human handling or not, the product flows 
should be engineered so as to minimize the number of separate 
handling steps. By ordering completed product in even box 
quantities, no handling should be necessary after the product has 
been packaged by the factory. Product can be placed into boards 
upon receipt. 


By placing product directly into boards without incoming inspec- 
tion and handling, ship-to-stock has been accomplished. Ship-to- 
stock, also known as dock-to-stock or certification, is an electron- 
ics industry goal. It accomplishes minimum cost objectives of our 
customers. The ship-to-stock decision is a customer decision 
that is based onthe confidence one has in their supplier to provide 
consistent, high quality. Advanced Micro Devices has mecha- 
nisms in place to support ship-to-stock programs and has a 
generic recipe for the certification process for those who would 
like to get a head start on asucha program. Refer to the outline 
of Guidelines for Product Certification. 


Quality Improvement Programs 


The Product Quality Objective is divided into the following com- 
ponents: 


* Reliability 

* Electrical Performance 

* Programmability 

¢ External Visual/Mechanical 
¢ Internal Die Visual 

¢ Total Quality Process 

* Quality Partnership Program 


Reliability 


The reliability program consists of new product, package and 
process qualifications, qualifications of product, package and 
process changes, and product, package, and process monitors. 
Most reliability testing is performed on site in Santa Clara. 


Qualification requirements are generally customer driven. 
Advanced Micro Devices has developed a procedural specifica- 
tion that attempts to cover most of the requirements of our 
numerous customers. Most test methods follow the Mil-Std 883 
method if applicable. 
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The most common siresses are operating life, temperature 
cycling, and temperature and humidity testing. Advanced Micro 
Devices performs operating life at 125 degrees Celsius, 5.25V 
Vcc, and 1000 hours per method 1005, condition D. In some 
instances the time will be extended for information only. Operat- 
ing life is performed dynamically by applying 100KHz to the inputs 
of the devices under stress. Interim readouts are generally made 
after 168 hours. The junction temperature is kept below 175 
degrees Celsius. Temperature cycling is performed from —65 to 
150 degrees Celsius for 100 cycles per method 1010, 
condition C. 


Temperature and humidity, usually referred to as 85/85 testing, is 
performed with devices biased. Both Vcc and ground are held at 
ground potential while the rest of the pins are biased to 5 volts. 
The name 85/85 comes from the temperature and humidity 
settings of 85 degrees Celsius and 85% relative humidity. De- 
vices are stressed for 1000 hours. 


Many other stress tests are performed including ESD testing. 
Advanced Micro Devices has acomplete ESD control program in 
all post wafer fabrication areas. All necessary facilities are in 
place and training is carried out on aroutine basis. Audits are also 
made of the manufacturing areas to ensure adequate control is 
maintained at all times. 


The monitor program is intended to continually look at production 
products, packages and processes. Each month a series of 
product, package, and process combinations are selected to be 
monitored. Each quarter one product from each process and 
package is thus checked. Any defects are analyzed inthe manner 
previously presented. 


Whenever a major change is made to a product, process, or 
package, a re-qualification test is run. In addition to requalifica- 
tion, notification is made through the sales organization to those 
customers that have such notification requirements. Advanced 
Micro Devices generally notifies customers at least 90 days prior 
to implementation of a major change. 


All the data are summarized and published twice per year in the 
Reliability Report. Copies of the report are available upon 
request. 


Electrical and Visual/Mechanical Quality 


The basis of the quality improvement program has been thorough 
analysis of and corrective action for defective units found in four 
main areas. The Discrepant Material Reporting system stems 
from outgoing sampling performed by the QA Inspection group on 
each production lot of devices. QAuses a0.065% AQL sampling 
plan per Mil Std 105D which generally results in a 200 piece 
sample. Any lot with a defect in the sample is returned to 
manufacturing for rescreening. 


The Parts Per Million monitor is a unique effort to emulate the 
results that our customers find by using our products. The signifi- 
cant feature of the monitor is,that the parts utilized are pulled from 
finished goods, the point closest to the customer but still within the 
factory. Devices are tested at room and hot temperature to arrive 
at an electrical PPM and visually inspected to arrive at a visual/ 
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mechanical PPM. tn addition, samples are sent for programming 
and static burn in. In this way programming yield and infant 
mortality information are generated. 


Defective devices from either of these factory locations are 
analyzed, summarized and have corrective actions generated by 
manufacturing and engineering. Formal reports are made to 
corporate management in the bimonthly Product Quality Review, 
which is a general meeting dedicated to reporting progress 
toward quality goals. 


Two sources of customer feedback are the Customer Material 
Returns and failure analysis systems. Customer Material Re- 
turns (CMR) are generally returns by customers who are con- 
cerned with receiving credit or replacement of defective units they 
have found. These units are verified by a level 1 analysis as 
explained previously and summarized weekly and monthly in 
formal reports to management. 


The fourth area of feedback is through the failure analysis system 
which has already been presented. 


The results of the efforts have been the steady reduction in PPM 
levels to below 250ppm electrical, below 500ppm visual/me- 
chanical, and below 0.1% infant mortality failures. 


Programmability 


In addition to improving product quality, we have improved pro- 
gramming yields to higher levels. Improvement has come 
through algorithm revisions, random defect reduction, redesigns 
of products and programmer qualification. Once we began fo- 
cussing on the programmer suppliers, we were able to better 
understand their programming processes and work much more 
closely with them to develop optimal programming algorithms. 
While this in itself helped to improve yields, we also made some 
design “tweaks” and manufacturing improvements that contrib- 
uted further toward reaching levels generally above 99.5%. Post 
programming functionality was also improved. 


Some of the issues that should be considered when considering 
performing your own programming are to maintain adequate cali- 
bration of programmers including replacing sockets after 10,000 
insertions, inventory handling costs, human handling errors, and 
lack of post programming testing. Advanced Micro Devices can 
provide programmed product with minimum cost and handling 
that falls below 100ppm. This canbe a significant reduction inthe 
cost of quality and make it easier to move to a just-in-time 
manufacturing system. 


internal Die Visual 


It is Advanced Micro Devices’ intent to supply die quality that 
meets or exceeds the Mil-Std 883, method 2010, class B. Toward 
this goal, Advanced Micro Devices has made significant improve- 
ments through random defect reduction in our manufacturing 
areas and through the use of statistical process control tech- 
niques. Significant defect reduction was gained by automating 
the assembly process to remove human handling. Similarly, 
automation in the wafer fabrication areas has also been effective. 
One significant improvement was made by putting pelicles on all 
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photolithographic wafer masks. In addition to preserving the plate 
indefinitely, the pelicle causes any particle that should happen to 
fall onto the plate to be out of focus on the wafer. Therefore, a 
perfect print is made every time. 


Die visual quality has improved to over 97% conformance to 
method 2010, class B in molded packages and to 100% confor- 
mance in hermetic packages. The die visual improvement has 
also contributed to the improvement in infant mortality and the 
improvement in programming and post programming 
functionality. 


Total Quality Process 


Up to this point, the discussion has centered around detection 
and inspection to find quality problems and fix them. However, the 
long term trend is toward prevention. Statistical process control 
is a preventive measure that allows for building in quality by 
quickly heading off problems before they occur. Statistical 
process control (SPC) is the mainstay of a total quality approach. 


Total Quality means the molding of attitudes through continual 
education, training and awareness in all areas, and to establish 
SPC in all manufacturing areas. The vehicles for accomplishing 
total quality are the bimonthly Product Quality Review, Quality 
Improvement Teams, Deming seminars, in house SPC training, 
use of SPC consultants, and an automatic data collection and 
analysis. 


The actual use of SPC in manufacturing can be seen in both the 
U. S. and in the assembly facility in Penang, Malaysia. The 
assembly areas are leading the way with on line monitoring and 
real time charting in most operations. The wafer manufacturing 
areas have attained various levels of penetration. 


The future holds more automation in store for SPC. We have 
implemented acomputer integrated system of data collection and 
analysis that will eventually allow for on line analysis, automatic 
data collection and automatic line control. We will be pushing 
ahead with more Taguchi techniques and with an SPC program 
to address non-production areas. And the bottom line will be to 
reduce our cost of quality through reduction in inspection and 
detection costs and to eliminate rework. 


Quality Partnership Program 


Several years ago Advanced Micro Devices developed the Qual- 
ity Partnership Program in order to facilitate quality improvement 
through enhanced feedback from a few customers that had good 
reporting mechanisms in place. Today, the program is basically 
the same with one very important exception. Advanced Micro 
Devices has attained quality levels below 250ppm as we meas- 
ure ourselves. Through pareto analysis of your supplier base, 
you may not want to make the commitment necessary to sustain 
a true partnership relationship with a supplier that does not rank 
as one of your problems. But if you should, we are always ready 
to participate toward mutual improvement in quality. We have 
mechanisms in place to provide rapid and thorough failure 
analysis and outgoing inspection data on a regular basis. All that 
is needed is acommitment from our customers to provide us with 
rapid feedback and to be willing to work in tandem toward zero 
defects and minimum costs. The usual result of a successful 
partnership is reaching ship-to-stock and building a working 
relationship based upon trust and mutual understanding. 


The quality programs described have been in existence for 
several years. The results have been dramatic. You will find us 
to be very honest and responsive to your needs. If you should 
need some information, please don’t hesitate to contact us. 
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GUIDELINES FOR PRODUCT 
CERTIFICATION 


Characteristic Accountability 


« Process Flow 

¢ Product Specification 
« Monitors and Controls 
« Place of Manufacture 
« Establish Correlation 


First Article Inspection 


* Electrical Conformance 
¢ Visual/Mechanical Conformance 
« Variables Data 


Lot Monitoring Inspection 


« Lot Acceptance or Defect Rate Maintenance 
* Period of Time or Number of Lots Criteria 


Factory Audit 
¢ Customer 


Certification 


¢ Certification Maintenance Program 

* Disqualification and Recertification Program 

* Periodic Reports, Data, and Timely Feedback 
* Special Outgoing Inspection and Verification 
* Change Notification 


PRODUCT ASSURANCE 


Quality Assurance-Military 


+ Facility Certification 

* QPL Qualifications 

« JEDEC 13/13.2 (Gov't Liason Committee) 
* 38510 Quality Conformance Inspection _ 


Product Acceptance 


Electrical Test Gates 

Visual/Mechanical Gates 

Traceability Verification 
Government/Customer Liason 

Final Outgoing Inspection 

Inspection Activity Reporting 

Verifies Conformance With MIL-M-38510 QCI 
Requirements 


Quality Assurance Eng. 


* Self Audits 
* Corrective Action 
¢ Calibration Control 


Product Assurance 


& 


Customer Return Disposition, Reports and Failure Analysis 
Technical Resource 

Major Programs Support 

Division Quality Assessment Program 

Quality Partnership Program 

Configuration Control 


Reliability Assurance Eng. 


Customer/Gov't Quality Conformance Inspection 
Package, Process and Reliability Studies (New/Revised) 
Division/Reliability Reporting 

CECC Reliability Programs 


Quality Control 


e 2 eo a 3 e 2 s es & e 


incoming Inspection/Vendor Evaluations, Ratings and 
Corrective Action 

In-Line Procedural Audits (Fab Through Final Seal) 
In-Line Operational Audits (Fab Through Final Seal) 
In-Process Wafer Fab Inspection 

in-Process Wafer Sort Inspection 

In-Process Assembly Inspection 

Offshore Assembly Surveillance 
Offshore/Surveillance Correlation Program 

Analytical Lab Services (Di Water, Chemical Analysis) 
Environmental Audits (Temp., RH, Particle Counts and Flow 
Hood Velocity) 

In-Process CSI/GS} 

Quality Engineering Failure Analysis 

Statistical Control, Product Quality Analysis 


Quality Assurance-Commercial 


Self Auditing 
Customer Material Returns Analysis and Corrective Action 


¢ Discrepant Material Analysis and Corrective Action 


Technical Support 

Major Program Support 
PPM Monitor Support 
Quality Partnership Program 
Electrical Test Inspection 


« Visual/Mechanical Inspection 


Final Outgoing Inspection 

Inspection Activity Reporting 

Commercial Traceability 

Conformance Verification of Special Commercial 
Specifications 

Document Control (Commercial) 


Reliability Assurance 


Device/Design Qual (New/Revised) 

Package Qualification (New/Revised) 

Process Qualification (New/Revised) 

On-Going Device/Package Reliability Monitors 

Extended and Accelerated Life Testing 

Qualification Test Lab Per MIL-STD-883 Method 5005 
38510 Device Qualification and 883 Quality Conformance 
Failure Analysis Lab (SEM/EDAX and Engineering Services) 
Early Failure Mode Detection and Corrective Action 
Reliability Reports (In-House and Field) 
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Product Assurance 


STANDARD POST ASSEMBLY PROCESS FLOW 


START 


MPS 25551 ELECTRICAL TEST 250 


MPS 40406 : 








MPS" 8230 


100% PRODUCTION 


QA PRE-SHIP 
INSPECTION 





MPS 20256 


PRODUCT 
IDENTIFICATION MARK 








MPS 40960 
100% PRODUCTION MPS 9521 
VISUAL/MECHANICAL 
INSPECTION 
MPS 9010 
PRODUCTION PRODUCT 
PACK 
MPS 20255 
Q/A VISUAL/MECH. 
INSPECTION 
MPS 20254 
Q/A ELECTRICAL 
INSPECTION 
MPS 9520 


FINISHED GOODS 





Internal Manufacturing Process Specification Number 


14109-001A 
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Test and Finish Operations 


ct 





Advanced Micro Devices' test and finish operations utilize state 
of the art electronic testing equipment as well as Electro-Static 
Discharge safeguards in all handling areas. Inventory is main- 
tained and controlled via computerized database systems assur- 
ing one of the best on-time delivery systems in the industry. The 
product quality is monitored continually throughout the process to 
provide feedback necessary to support factory corrective actions. 


Electrical Testing/Pre Burn-in 


The electrical test of integrated circuits starts long before a batch 
of parts is dispatched to the test area. Product and process 
characterizations must be performed to understand the para- 
metric distributions and the test conditions that are necessary to 
provide full compliance to datasheet specification. When the cus- 
tomer order requires programming, functional test vectors are 
computer generated and evaluated for array coverage. Test 
software is validated for performance margin before being 
handed over to the Test area for use in production. The electrical 
test software is maintained through revision control and sign-off 
procedures. 


Devices are delivered to the Test area for initial electrical testing. 
The product is 100% production tested to guarantee the databook 
requirements and functionality. The parameters specified include 
electrical and switching characteristics. In addition Advanced 
Micro Devices performs these tests at various ambient tempera- 
tures in order to eliminate marginal devices. Additionally, test 
program forcing conditions and test limits have been guard- 
banded to reduce the effects of system variability and parameter 
shift at temperature. All test equipment is calibrated to standards 
traceable to the Nationa! Bureau of Standards. 


For reduced costs and improved quality due to the elimination of 
human handling errors, Advanced Micro Devices is incorporating 
bulk loading equipment into the Test and Finish areas. These ma- 
chines can load and unload product from a handler with great 
speed, efficiency, and accuracy. 


Burn-lIn 


Semiconductor failures over time are known to manifest them- 
selves during the earliest stages of useful life. This phenomenon 
is known as "Infant Mortality." During burn-in, stresses are applied 
that accelerate failure for those devices which are prone to Infant 
Mortality. The elimination of these failures not only improves the 


Publication # Rev. Amendment issue Date 


14110 A 10 1/90 
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reliability, but also results in substantial cost savings for system 
manufacturers by reducing rework and repair loading. 


Typical conditions for burn-in are: 


Static Condition C 
Temperature: 125°C 
Vig: 2:29 V 


The typical infant mortality phase is defined as 168 hours, with 
75% of the defectives found in the first 48 hours. 


Advanced Micro Devices has reduced mechanical handling de- 
fects during board load and unload by utilizing robotic handling/ 
loading equipment. 


Electrical Test/Post Burn-in 


The devices which are burned-in are again electrically tested to 
remove any failures that are a result of the Burn-in accelerated 
stresses. Production and engineering monitors have shown that 
the typical failure rate for this stress is approximately 0.05%. 


Marking 


The devices are marked to provide identification of part number, 
AMD or MMI logo, assembly location, and date codes. In-addition 
to standard marking, special customer required items are avail- 
able. Aphotolithographic process is used to produce exceptional! 
character clarity. Every lot is tested for marking permanency. 


Traceability of all raw materials, equipment, operators and proc- 
esses are identified by two unique date code numbers found on 
the top and bottom of the package. Asix-digit code marked onthe 
top-side of the device allows traceability of the test and finish 
operations, and an eight-digit bottom-side code for traceability of 
assembly processing and raw materials back to wafer lot. 


Visual/Mechanical Inspection 


Visual and Mechanical inspection is performed on all production 
units. The inspection includes package outline dimensions, and 
lead and marking quality. With the aid of production monitors and 
Statistical process controls, marginal processes are eliminated. 






Test and Finish Operations 


Pack 


Packaging of devices is no simple matter. One must provide 
mechanical strength, and identification of contents as well as 
electrical protection (from ESD). Advanced Micro Devices util- 
izes carbon impregnated boxes forthe intermediate containers of 
a shipment, which act as faraday cages in dissipating the built-up 
electro-static charges. The box label has printed on it the part 
number, package type, quantity of devices, QA stamp of accep- 
tance, specification number, date of pack, and bit pattern (if 
programmed). Many of the above items are also printed in 
machine-readable bar code format to assist in product movement 
and control. 


Quality Assurance Visual/ Mechanical and 
Electrical Inspections 


The Quality Assurance department sample inspects the devices 
to a 0.065% AQL sample plan in accordance to Mil-HDBK-105D. 


The visual/mechanical inspection consists of physical dimension 
checks along with lead, marking, and packaging verification to 
ensure quality. 


Paperwork is also reviewed for accurate and complete process- 
ing to specification and customer requirement. 


The devices are electrically tested to databook and/or specific 
customer conditions and limits to validate the electrical and 
functional integrity. 


Any non-conformities that are found during QA inspection are 
verified and tracked through the appropriate product/assembly 
engineering group to obtain corrective action. This information 
along with inspection volume and failure rates is reported to 
management, operations and engineering regularly for long-term 
trend visibility and improvement. 
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AMD PLD Conversion Chart 





This conversion chart lists all AMD PAL® devices and 
other PLDs that have been removed from the previous 
version of this data book. These products are either not 
recommended for new designs or discontinued, and 
have appropriate replacement devices listed. For de- 
tails and assistance in converting from any of these de- 
vices, or for any questions you may have, contact your 
local AMD sales office. 


Fa 
New Designs Use Instead 
PAL10H20G8 PAL10H20EG8 

fpationeare J 
PAL10H8 PALCE16V8 

PAL10L8 
PAL12H6 
PAL12L6 
PAL14H4 
PAL14L4 


PAL16H2 
PAL16L2 













































PAL16C1 Contact AMD 

PAL12L10 PALCE22V10 | 
PAL14L8 
PAL16L6 
PAL18L4 
PAL20C1 PALCE22V10 

PAL16L8A-4 PALCE16V8Q 

PAL16R4A-4 

PAL16R6A-4 | 

PALCE16V8Q 


PAL16R8A-4 


PALC16L8Q 
PALC16R4Q 
PALC16R6Q 
PALC16R8Q 


PALC16L8Z 
PALC16R4Z 
PALC16R6Z 
| PALC16R8Z 


AmPAL16L8 (all options) 
AmPAL16R4 
AmPAL16R6 
AmPAL16R8 














| PALCE20V8 
PAL20L2 
PALCE16V8z_ | 






PALCE16V8 


| Publication # Rev. Amendment Issue Date | 
14112, A fo _—-1/90 
























| PALI6RP6A 


| PAL2O0R4Z 















| Am29CPL144 


Use Instead 
PALCE16V8 


Not Recommended for 

New Designs 
PAL16P8A 
PAL16RP4A 








PAL1I6RP8A 


PAL16X4 | Contact AMD | 
AmPAL18P8Q PALCE16V8Q 
PALC18U8 PALCE16V8Q 


PAL20L8Z PALCE22V10Z 





PAL20R6Z 
PAL20R8Z 


PALC/E20RA10Z | 


AmPAL20RP4 (all options) 
AmPAL20RP6 
AmPAL20RP8 


AmPAL20RP10 | PALCE22V10 


PAL20S10 PALCE22V10 
PAL20RS4 
PAL20RS8 
PAL20RS10 


AmPAL20XP 10 (all options) 
AmPAL20XRP4 
AmPAL20XRP6 
AmPAL20XRP8 
AmPAL20XRP10 


PAL22RX8A PAL32VX10A 
| PALC22V10 PALCE22V10 
PAL32R16 PALCE29M16 


PAL8L14A Contact AMD 
PAL6L16A 
PMS14R21/A Am29CPL151 


Am29PL141 Am29CPL151 
Am29LPL141 
Am29CPL141 
Am29PL142 
Am29CPL142 
Am29CPL152 


PAL20RA10 
PALCE20V8 












PALCE22V10 








Am29CPL154 


ZHAL™ Family PALCE16V8Z 
PALCE22V102Z 












Glossary 


cl 





10KH (adj.) A family of ECL devices. Circuits are temperature 
compensated. See also: ECL, 100K, temperature compensa- 
tion. 


100K (adj.) Afamily of ECL devices. Circuits are both tempera- 
ture and voltage compensated. They have lower power dissipa- 
tion and higher speed than their 10KH counterparts. See also: 
ECL, temperature compensation, voltage compensation, power 
dissipation, 10KH. 


A 
active high (adj.) See polarity. 
active low (adj.) See polarity. 


ALS (adj.) Advanced Low-power Schottky TTL family. Charac- 
terized as a lower power version of the AS family, and actually 
faster and lower power than the LS family. See also: AS, LS, 
TTL, Schottky TTL. 


AND 1. (adj.) One of the three elementary logic functions. Result 
of the AND operation is true if and only if all operands are true. 
2. (v.t.) To perform the AND operation. 


AS (adj.) Advanced Schottky TTL family. High-speed versions of 
the standard Schottky TTL family. Generally use oxide isolated 
technology for very high speed. See also: Schottky TTL, TTL, 
oxide isolation. 


assertive high (adj.) Same as “active high”. See polarity. 
assertive low (adj.) Same as “active low”. See polarity. 


astable (adj.) Describes a system which has no stable state. 
Such a system will oscillate. Astable circuits can be used to 
generate timing and synchronizing clock signals. See also: 
bistable, monostable. 


asynchronous 1. (adj.) Describes a sequential logic system 
wherein operations are not synchronized to acommon clock. 2. 
(adj.) Describes signals whose behavior and timing are com- 
pletely unrelated to a particular clock. Such signals can either be 
random or based on another clock which has a different fre- 
quency. 3. (adj.) Describes a communication protocol whereby 
the timing of various operations is not determined by a system 
clock, but rather by events whose relationships are known, but 
whose exact timing cannot be precisely predicted. See also: 
sequential, clock, synchronous. 


BCD (n.) Binary Coded Decimal. Decimal numbers in 4—bit 
binary. 


binary (adj.) Having only two possible states, which can be 
variously called on/off, 1/0, true/false, high/low, etc. 


bipolar (adj.) One of the two basic types of transistor. In logic 
design, used for TTL, ECL, and I*L families. See also: TTL, ECL, 
PL, MOS. 


bistable (adj.) Describes a system which has 2 stable states. 
Any other state is unstable, and will eventually change to one of 
the stable'states. A flip-flop is the most common electronic bi- 
stable circuit. See also: flip-flop, astable, monostable. 


bit 1. (n.) Binary Digit. One unit of binary information. 2. (n.) A 
measure of the storage capacity of a memory chip. See also: 
binary. 


blank (adj.) Describes the state of a programmable cell after 
manufacturing, and before any programming, or, in the case of 
an erasable device, after erasure. Opposite of “programmed”. 
See also: programmable cell, programmed, program, erase. 


buffer (n.) Alogic gate which performs the logic identity function; 
i.e., the input is passed through unchanged. Used to isolate 
various parts of a system, or to provide voltage or current 
amplification. 


Cc 


Chip (n.) Asingle piece of semiconductor material which con- 
tains an integrated circuit. Sometimes cailed a die if not in a 
package. See also: integrated circuit, die, package. 


clock 1. (adj.) Asignal used to synchronize the operation of a 
system. 2. (adj.) An input to a clocked flip-flop. The flip-flop will 
not change state until an appropriate pulse appears at the clock 
input. 3. (n.) Acircuit which generates a clock signal. 4. (v.t.) 
To pulse the clock signal or the clock input of a clocked flip-flop. 
See also: flip-flop, clocked flip-flop. 


clocked flip-flop (n.) A flip-flop that does not change state until 
a clock signal is received. See also: flip-flop, unclocked flip-flop, 
clock. 


CMOS (n., adj.) Complementary MOS. A type of circuit which 
makes use of both N-channel and P-channel MOS transistors. 
Many CMOS logic circuits consume no power when not actually 
switching. See also: MOS, NMOS, PMOS, standby power. 


combinational (adj.) See combinatorial. 
combinatorial (adj.) Refers to a logic circuit which implements 


logic functions of present input signals only. Also called combi- 
national. See also: sequential. 





8-4 


Glossary 


complement 1. (adj). Refers to a signal which is identical to 
some reference signal, except that it is of opposite polarity. 
Opposite of “true”. 2. (v.t.) To invert. See also: true, polarity, 
invert. 


complementary (adj.) Refers to logic device outputs which 
implement identical logic functions, but with opposite polarities. 
Used on some PLDs and ECL devices. See also: polarity, PLD, 
ECL. 


decimal (adj.) Based on the number 10. 


die (n.; plural: dice) Same as a chip, particularly before being 
placed in a package. See also: chip, package. 


digit (n.) Any number from 0 to 9. 


DIP (n.) Dual In-line Package. The most common integrated 
circuit package. It is rectangular in shape, with widths ranging 
from .300 inch to .900 inch, and has vertical leads along the 
length. Available for up to 64 pins. See also: integrated circuit, 
package. 


disable 1. (v.t.) To turn off a three-state output. 2. (v.t.) To inhibit 
another function, such as “disabling the clock”. See also: three- 
state, enable. 


download 1. (v.t.) To pass data from one machine to a less 
complex machine. 2. (n.) The act of downloading data. See 
also: upload. 


ECL (n., adj.) Emitter Coupled Logic family. An extremely high 
speed family of bipolar logic and memory devices. See also: 
bipolar. 


EE cell (E? cell) (n.) A floating gate cell which can be both 
programmed and erased with electrical signals. 


EEPROM (n.) Electrically Erasable Programmable Read-Only 
Memory. A nonvolatile read-only memory device which can be 
erased and reprogrammed, both with special electrical signals. 
See also: program, erase, EPROM, PROM, ROM, RAM, non- 
volatile. 


enable 1. (v.t.) To turn on a three-state output. 2. (adj.) By itself, 
usually refers to a pin which is used to enable a three-state 
output. Also called “output enable”. 3. (adj.) Used with other 
function names, indicates a qualifier or inhibitor of the function. 
For example, “clock enable” is a function which qualifies the 
clock function. 4. (v.t.) To allow a signal which has been disabled 
to function; for example, “enabling the clock” removes any 
restraint which may disable the clock signal. See also: three- 
state, disable. 


EPROM (n.) Erasable Programmable Read-Only Memory. A 
non-volatile read-only memory device which can be erased and 


reprogrammed. Erasure is accomplished by exposing the die to 
ultraviolet light for a period of time. Die must be packaged in a 
windowed package to allow erasure. See also: program, erase, 
EEPROM, PROM, ROM, RAM, non-volatile, windowed 
package. 


erase 1. (v.t.) To return a programmed device to its blank state. 
Opposite of “program”. 2. (v.t.) To return an individual program- 
mable cell to its blank state. See also: blank, programmable cell, 
program. 


ESD (n.) Electrostatic Discharge. The natural physical event of 
the transferring of electrical charges. If uncontrolled, ESD can 
destroy or degrade both CMOS and bipolar semiconductor 
devices with inadequate on-chip protection circuitry and/or 
insufficient packaging and handling protection. See also: ESDS 
Device, CMOS, bipolar. 


ESDS Device (n.) Electrostatic Discharge Sensitive Device. A 
device which is sensitive to damage at certain levels of ESD. 
Three classes exist at ESD levels of up to 1999V, to 3999V and 
above 4000V. See also: ESD. 


F 


finite state machine (FSM) (n.) A machine which can be in 
one of a finite number of states. Often used for logic circuits 
which sequence through various states. Such acircuit is referred 
to as sequential. See also: sequential. 


flip-flop (n.) A bistable digital circuit. The simplest variety is 
called an S-R flip-flop. Other types are J-K, T, and D-type. May 
be unclocked or clocked. See also: bistable, unclocked flip-flop, 
clocked flip-flop. 


floating gate (n.) A gate on an MOS transistor which is not 
connected to anything. Used to store charge; forms the basis of 
UV cells and EE cells. See also: MOS, gate, UV cell, EE cell. 


FPGA 1. (n.) Field Programmable Gate Array. A high-density 
PLD with multiple levels of logic and programmable 
interconnect. 2. (n.) Field Programmable Gate Array. An array 
of logic gates whose configuration can be programmed by the 
customer. The gates are often NAND gates, but can also be 
NOR gates. See also: gate, program, NAND, NOR. 


FPLA (n.) Field Programmable Logic Array. See PLA. 


FPLS (n.) Field Programmable Logic Sequencer. A program- 
mable logic device which is intended for sequencing or state 
machine applications. See also: finite state machine. 


functionally complete (adj.) Refers to a logic operation or 
group of operations from which any complex logic function can 
be built. The NAND and NOR operators are functionally com- 
plete. See also: NAND, NOR. 


fuse (n.) As used in programmable logic, usually refers to a 
lateral metal link fuse. See also: lateral fuse. 


Glossary 





fuse map (n.) Agraphic representation of the contents of a PLD. 
The state of each connection (fuse or other programmable cell) 
is represented, usually with “X” indicating an intact connection, 
and “-” indicating an open connection. See also: PLD, program- 
mable ceil. 


G 


gate 1. (n.) Afundamental logic element. The elementary gates 
provide NOT, AND, and OR logic functions. 2. (n.) The control 
terminal of a gated D-type latch. See also: latch, gated latch. 


gate array (n.) Alogic device which consists of an array of logic 
gates (usually NAND) which can be interconnected during 
fabrication. Acustom metallization pattern is used to configure 
the desired functions. See also: gate, NAND, metallization. 


gate equivalency (n.) Arough measure of the complexity of a 
digital logic integrated circuit. Indicates the approximate num- 
ber of discrete logic gates that would be needed to implement 
the same function. See also: gate. 


gated latch (n.) Generally refers to an unclocked D-type flip- 
flop which has a control signal called a gate. When the gate is 
“open”, the flip-flop output follows the data input. When the gate 
is “closed”, the output holds its current state. Also called a 
transparent latch. See also: flip-flop, unclocked flip-flop, gate, 
latch. 


HAL® device (n.) Hard Array Logic device. Aversion of a PAL 
device which is configured during fabrication with a custom 
metallization pattern. HAL is a registered trademark of Ad- 
vanced Micro Devices. See also: PAL device, metallization. 


I7L. (IIL) (n., adj.) Integrated Injection Logic. A less common 
bipolar logic design technique which, when used, is found 
primarily in portions of LSI and VLSI circuits. See also: bipolar, 
LSI, VLSI. 


integrated circuit (n.) An electronic device which has many 
transistors and other semiconductor components integrated 
onto one piece of silicon. Often abbreviated IC. 


invert (v.t.) To perform the logical NOT function on a digital 
signal. To reverse the polarity of a digital signal. See also: 
polarity, NOT. 


inverter (n.) Alogic gate which performs logical inversion, or the 
NOT operation. See also: gate, NOT. 


1/O (Input/Output) 1. (n.) The methods and equipment used to 
pass information into and/or out of a system or device. 2. (adj.) 
On a programmable logic device, a pin which can function as an 
input and/or an output. 
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JEDEC 1. (n.) Joint Electronic Device Engineering Council. A 
council which creates, approves, arbitrates, and/or oversees 
industry standards for electronic devices. 2. (adj.) In program- 
mable logic, refers to a computer file containing information 
about the programming of adevice. The file format is aJEDEC- 
approved standard. Used for downloading to programmers. 
See also: program, programmer, download. 


junction Isolation (n.) A bipolar integrated circuit fabrication 
technique which uses P-N functions to isolate transistors. This 
is the original integrated circuit technology, and is being sup- 
planted by oxide isolation in places where speed is critical. See 
also: oxide isolation, bipolar. 


Karnaugh map (K-map) (n.) A graphic tool for minimizing 
sum-of-products or product-of-sums logic functions. Useful for 
up to six logic variables. See also: sum-of-products, product-of- 
sums. 


L 


latch 1. (n.) Atype of flip-flop. Means different things to different 
people. In general, an unclocked flip-flop. Sometimes used to 
refer specifically to a gated D-type flip-flop. 2. (vit.) To capture 
a signal in a latch. See also: flip-flop, unclocked flip-flop, gate, 
gated latch. 


latch up (v.t.) To enter the latch-up condition. See also: latch- 
up. 


latch-up (n.) Acondition in which a circuit draws uncontrolled 
amounts of current, and certain voltages are forced, or “latched- 
up” to some level. Used especially in reference to CMOS 
devices, which can latch up if the operating conditions are 
violated. See also: CMOS, latch up. 


lateral fuse (n.) A thin metal link which is disconnected when 
programmed. Connected in the blank state, disconnected in the 
programmed state. Usually just called a “fuse”. See also: pro- 
gram, programmed, blank. 


LCC (n.) Leadless Chip Carrier. A ceramic integrated circuit 
package having no leads. Connection is made to metal contacts 
which are flush with the package. See also: integrated circuit, 
lead, package. 


lead (n.) [led] A metal conductor which provides a connection 
from the inside of an integrated circuit package to the outside 
world for soldering or other mounting techniques. See also: 
integrated circuit. 


logic array (n.) Generally an array of programmable cells which 
attach inputs to logic gates of a specified type. See also: 
program, gate, programmable cell. 


Glossary 


logic simulation (n.) A means whereby a logic design can be 
evaluated on a computer before actually being built. The 
computer simulates the behavior of the components to predict 
the behavior of the overall circuit. 


LS (adj.) Low-power Schottky TTL family. Lower power version 
of the standard Schottky TTL family. See also: TTL, 
Schottky TTL. 


LSI (adj.) Large-Scale Integration. A rough measure of the 
complexity of a digital circuit. Characterized as having 
100-5000 gate equivalents for logic chips, or 1K-16K bits for 
memory chips. See also: gate equivalent, bit, VLSI, SSI, MSI. 


macrocell (n.) Typically the output cell of a PLD, containing a 
flip-flop and path multiplexers. 


maxterm (n.) A sum in the canonical product-of-sums form. 
Each maxterm contains every input variable, in either true or 
complemented form. See also: product-of-sums, true, 
complement. 


metallization (n.) The process of connecting the various ele- 
ments of an integrated circuit or printed circuit board by placing 
a layer of metal over the entire wafer or board, and then 
selectively etching away unwanted metal. A photolithographic 
mask defines the pattern of connections. See also: integrated 
circuit, wafer, printed circuit board. 


minterm (n.) A product in the canonical sum-of-products form. 
Each minterm contains every input variable, either in true or 
complemented form. See also: sum-of-products, true, 
complement. 


monolithic (adj.) In the electronics industry, refers to a circuit 
which has been integrated onto one semiconductor chip. 
Integrated circuits are monolithic by definition. See also: 
integrated circuit. 


monostable (adj.) Describes a system which has 1 stable 
state. Any other state is unstable, and will eventually change to 
the stable state. The most common monostable circuit is a “one- 
shot”. See also: bistable, astable. 


MOS (n., adj.) Metal-Oxide-Semiconductor transistor. One of 
the two basic types of transistor. In logic design, used for NMOS, 
PMOS, and CMOS families. See also: NMOS, PMOS, CMOS, 
bipolar. 


MSI (adj.) Medium-Scale Integration. A rough measure of the 
complexity of a digital logic circuit. Characterized as having 
10-100 gate equivalents. See also: gate equivalent, SSI, LSI, 
VLSI. 


NAND (adj.) Not AND. A commonly used logic gate which is 
equivalent to an AND gate followed by an inverter. The NAND 


logic operation is functionally complete. See also: gate, inverter, 
functionally complete, AND. 


negative logic (n.) A physical implementation of logic wherein 
a low voltage level represents a logic 1, or “true”, and a high 
voltage level represents a logic 0, or “false”. See also: positive 
logic, polarity. 


NMOS (n., adj.) N-channel MOS. Atype of circuit which makes 
exclusive use of N-channel MOS transistors. See also: MOS, 
PMOS, CMOS. 


non-volatile (adj.) Refers to memory devices which do not lose 
their contents when power is removed. See also: volatile. 


NOR (adj.) Not OR. Alogic gate which is equivalent to an OR gate 
followed by an inverter. The NOR logic operation is functionally 
complete. See also: gate, inverter, functionally complete, OR. 


NOT (adj.) One of the three elementary logic functions. Unary 
Operation whose result is true if and only if the operand is false. 


oO 


OR 1. (adj.) One of the three elementary logic functions. Result 
of the OR operation is false if and only if all operands are false. 
2. (v.t.) To perform the OR operation. 


OTP (adj.) One-Time Programmable. Refers to programmable 
devices which are UV-erasable, but which are not packaged in 
windowed packages. As a result, there is no way to erase the 
device, making it programmable only once. See also: program, 
erase, UV-erasable, windowed package. 


oxide isolation (n.) A bipolar integrated circuit fabrication 
technique which uses silicon dioxide to isolate transistors. This 
results in higher speed and density. See also: junction isolation, 
bipolar. 


package (n.) The encasement which protects a die and provides 
convenient electrical contact to the die. Materials used are 
generally ceramic or plastic compounds. There is a variety of 
shapes and sizes. See also: die. 


PAL® device (n.) Programmable Array Logic device. A PLD 
which implements logic via a programmable AND logic array 
driving a fixed OR logic array. PAL is a registered trademark of 
Advanced Micro Devices. See also: program, logic array, sum- 
of-products, PLD, AND, OR. 


PLA (n.) Programmable Logic Array. A programmable logic 
device which implements sum-of-products logic via a program- 
mable AND logic array driving a programmable OR logic array. 
See also: program, logic array, sum-of-products, AND, OR. 


PLCC (n.) Plastic Leaded Chip Carrier. A molded plastic inte- 
grated circuit package with leads shaped like a “J” (J-leads). 
Intended for surface mounting. See also: integrated circuit, lead, 
surface mounting, package. 
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Glossary 





PLD (n.) Programmable Logic Device. Generic term for a logic 
device whose function can be configured by the customer after 
purchase. See also: program. 


PMOS (n., adj.) P-channel MOS. A type of circuit which makes 
exclusive use of P-channel MOS transistors. See also: MOS, 
NMOS, CMOS. 


polarity (n.) Specifies the sense of “active” and “inactive”, or 
“true” and “false” in a digital signal. “Active high” represents 
“true” as a high signal; “active low” represents “true” as a low 
signal. 


positive logic (n.) A physical implementation of logic wherein 
a high voltage level represents a logic 1, or “true”, and a low 
voltage level represents a logic 0, or “false”. See also: negative 
logic, polarity. 


power dissipation (n.) The amount of electrical power used by 
adevice. Calculated as the product of the operating voltage and 
current. Measured in watts (W) or milliwatts (mW), as appropri- 
ate. Sometimes incorrectly used to refer to the operating 
current only. 


printed circuit board (PC board, PCB) (n.) A board for 
assembling electrical components. Component connections 
are made by metal traces which have been fabricated through 
a metallization process. See also: trace, metallization. 


product-of-sums (POS) (adj.) A representation of a logic 
function where the input signals are individually inverted (if 
necessary), then ORed together to form sums which are ANDed 
together. Any combinatorial logic function can be represented in 
product-of-sums form. See also: sum-of-products, combi- 
natorial, AND, OR. 


product term (pterm, p-term) (n.) An AND gate in a PLD 
which implements sum-of-products logic. See also: sum-of- 
products, PLD, AND, gate. 


product term sharing (n.) See product term steering. 


product term steering (n.) A means whereby product terms 
in a PAL device can be routed to one of two device outputs, 
instead of being dedicated only to one output. Sometimes called 
“product term sharing”. See also: product term, PAL device. 


program 1. (v.t.) As used in programmable logic, to configure 
a blank device so that it can perform some desired function. 
Applies to memory and logic devices. Opposite of “erase”. 2. 
(v.t.) To change an individual programmable cell from a blank 
state to a programmed state. See also: blank, programmable 
cell, programmed, erase. 


programmable cell (n.) Any of a variety of cells which can be 
altered by applying certain electrical signals. Various types are 
lateral and vertical fuses, UV cells, E? cells, and even RAM cells. 
All but RAM cells are non-volatile. See also: lateral fuse, vertical 
fuse, UV cell, E? cell, RAM cell, non-volatile, volatile. 


programmed (adj.) Describes the state of a programmable cell 
or device after programming. Opposite of “blank”. 
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prog rammer (n.) A device or machine used for configuring, or 
“programming”, PLDs or PROMs. See also: program, PLD, 
PROM. 


PROM (n.) Programmable Read-Only Memory. A nonvolatile 
memory device whose contents are programmed by the cus- 
tomer. Once programmed, it cannot be erased. Also functions 
as a PLD with a fixed AND logic array which drives a program- 
mable OR logic array. See also: program, erase, EEPROM, 
EPROM, ROM, RAM, non-volatile, AND, OR, logic array. 


RAM (n.) Random-Access Memory. Sometimes. called read/ 
write memory. Atype of memory device which can be written to 
and read at any time. Such memory is volatile. Actually a mis- 
nomer, since most types of memories can be accessed ran- 
domly. The distinguishing feature is the fact that RAM is 
designed specifically to be written to in normal usage. See also: 
ROM, volatile. 


RAM cell (n.) A cell which is used make one bit of volatile 
memory in a RAM. Can also form the basis of a programmable 
logic connectivity array. See also: RAM, volatile. 


ROM (n.) Read-Only Memory. A nonvolatile memory device 
which has its contents defined when manufactured. No changes 
can be made to the memory contents. See also: PROM, 
EPROM, EEPROM, RAM, non-volatile. 


Ss 


Schottky TTL (adj.) Family of TTL devices which make use of 
Schottky diodes for higher speed. See also: TTL. 


security fuse (n.) APLD feature which allows a user to “secure” 
the PLD after programming. This prevents subsequent copying 
of the contents of the PLD. See also: PLD, program. 


semicustom (adj.) Refers to a circuit which has been partially 
designed by the device vendor, and partially designed, or 
configured, by the customer. Primary types are PLDs, gate 
arrays, and standard cell circuits. See also: PLD, gate array, 
standard cell. 


sequential (adj.) Refers to a logic circuit whose operation 
depends both on present input signals and previous operations, 
or states. Requires some kind of memory (usually flip-flops) for 
remembering past states. See also: flip-flop, combinatorial. 


SSI (adj.) Small Scale Integration. A rough measure of the 
complexity of a digital logic circuit. Characterized as having less 
than 10 gate equivalents. See also: gate equivalent, MSI, LSI, 
VLSI. 


standard cell (n.) A method of designing semicustom or full 
custom circuits whereby predefined cells are brought together to 
provide the specified function. Unlike gate arrays, all fabrication 
steps are customized, instead of just the metallization step. See 
also: semicustom, gate array, metallization. 


Glossary 


standby power (n.) The power consumed by a device when 
none of the device inputs are switching. Usually used in refer- 
ence to CMOS devices, many of which consume practically no 
standby power. See also: CMOS. 


sum-of-products (SOP) (adj.) A representation of a logic 
function where the input signals are individually inverted (if 
necessary), then ANDed together to form products which are 
ORed together. Any combinatorial logic function can be repre- 
sented in sum-of-products form. See also: product-of-sums, 
combinatorial, AND, OR. 


surface mounting (n.) A printed circuit board assembly tech- 
nique whereby the integrated circuit packages are placed onthe 
board with no leads protruding through to the other side. Pack- 
ages can thus be mounted on both sides of the board. See also: 
printed circuit board, lead, through-hole mounting. 


Synchronous 1. (adj.) Describes a sequential logic system 
wherein all operations are synchronized to acommon clock. 2. 
(adj.) Describes signals whose behavior and timing are synchro- 
nized to a clock. 3. (adj.) Describes a communication protocol 
whereby the timing of various operations is determined by a 
system clock. See also: sequential, clock, asynchronous. 


T 


temperature compensation (n.) A circuit feature which al- 
lows some electrical characteristics to remain relatively con- 
stant with some variation in operating temperature. 


three-state (adj.) A type of logic device output which can be in 
one of three-states: HIGH, LOW, and OFF, or High-Z (high 
impedance). When enabled (on), performs as a normal binary 
output. When disabled (off), acts as an open pin. See also: 
enable, disable, binary. 


through-hole mounting (n.) A printed circuit board assembly 
technique whereby the leads of the various components extend 
through holes in the board. These leads are then soldered from 
the opposite side of the board. See also: printed circuit board, 
lead, surface mounting. 


trace 1.(n.) During logic simulation, the behavior of a signal or 
groupof signals. The results can sometimes be stored in a “trace 
file” on disk for later analysis. 2. (n.) A thin layer of metal ona 
printed circuit board which provides connections between 
components. Performs the function of a wire. See also: logic 
simulation, printed circuit board. 


transparent latch (n.) See gated latch. 


TRI-STATE® (adj.) See three-state. TRI-STATE is a registered 
trademark of National Semiconductor Corp. 


true (adj.) Refers to a signal which is identical to some reference 
signal, with the same polarity. Opposite of “complement”. See 
also: complement, polarity. 


TTL (adj.) Transistor-Transistor Logic family. The most widely 
used family of bipolar logic devices. The name refers to the 
particular circuit design technique used. See also: bipolar. 


unclocked flip-flop (n.) A flip-flop that changes state as soon 
as the appropriate control signals are applied. See also: flip-flop, 
clocked flip-flop. 


upload 1. (vi.) To pass data from one machine to a more 
complex machine. 2. (n.) The act of uploading data. See also: 
download. 


UV cell (n.) Afloating gate cell which can be erased by exposure 
to ultraviolet (UV) light. See also: floating gate, erase. 


UV-erasable (adj.) Refers to devices or programmable cells 
which can be erased when exposed to ultraviolet (UV) light for 
a period of time. See also: programmable cell, erase. 


V 


vertical fuse (n.) Atransistor arranged such that the emitter 
and base are shorted together when programmed. Discon- 
nected in the blank state, connected in the programmed state. 
See also: program, programmed, blank. 


VLSI (adj.) Very Large Scale Integration. Arough measure of the 
complexity of a digital circuit. Characterized as having 5000 or 
more gate equivalents for logic chips, or 16K or more bits for 
memory chips. See also: gate equivalent, bit, SSI, MSI, LSI. 


volatile (adj.) Refers to memory devices which lose their 
contents when power is removed. See also: non-volatile. 


voltage compensation (n.) A circuit feature which allows 
some electrical characteristics to remain relatively constant with 
some variation in the supply voltage. 


Ww 


wafer (n.) A round slice of very pure silicon which is used in the 
fabrication of integrated circuits. Several circuits can be built on 
one wafer. See also: integrated circuit. 


windowed package (n.) A package which has a quartz 
window in the lid directly over the die. This makes it possible to 
expose the die to ultraviolet light for erasing the device. See also: 
erase, die, package. 
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Worldwide Application Support 


ct 





The Worldwide Application Support Group is dedicated to making 
sure that the customer’s need for technical support is met. 


It is the job of Applications Engineering to ensure that the 
customer engineer is familiar with our product line, that they have 
the information and tools necessary to get the appropriate part 
designed in, and that they have access to technical support 
throughout the lifetime of their product. 


Support is provided by two groups: 


Field Applications Engineers—With Applications Engineers 
located in our field sales offices throughout the world, our custom- 
ers always have access to an engineer when they have problems 
or questions. Working with Sales, our engineers teach seminars 
showing customers how to use our new parts, assist them during 
their design when technical questions come up, and provide 
troubleshooting support to help eliminate problems which might 
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occur when the design reaches production. Call your local Sales 
Office for an FAE in your area. 


Factory Applications Support—This group, located within the 
factory, is responsible for centralized technical support of all 
AMD’s products. Their duties include developing seminars for 
training of FAEs and customers, and hosting the twice yearly 
Applications Conference. They are responsible for the coordina- 
tion of customer training and giving the factory an insight into the 
customer’s point of view. 


Additionally, the Factory Applications Support Group provides 
customer support for technical questions via a toll-free number: 
(800) 222-9323 (listed on the back of all databooks). This depart- 
ment is manned from 7:00 A.M. to 5:30 P.M. (Pacific time) 
Monday to Friday. Currently 80% of the questions are answered 
on the first call, 20% within 24 hours. 


North American 
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Tel: (714) 220-6300 
FAX: 714-821-8420 


Arrow/Kierulff Electronics 
521 Weddell Drive 
Sunnyvale, California 94089 
Tel: (408) 745-6600 

TWX: 910-339-9371 


Arrow/Kierulff Electronics 
1180 Murphy Avenue 

San Jose, California 95131 
Tel: (408) 947-3550 


Elmo Semiconductor Corp. 
7590 N. Glenoaks Boulevard 
Burbank, California 91504-1052 
Tel: (818) 768-7400 

TWX: 910-321-2943 


Hamilton/Avnet Electronics 
350 McCormick Avenue 
irvine Industrial Complex 
Costa Mesa, California 92626 
Tel: (714) 754-6111 

TWX: 910-595-1928 


Hamilton/Avnet Electronics 
3170 Pullman Street 

Costa Mesa, California 92626 
Tel: (714) 641-4100 

TWX: 910-595-1928 


Hamilton/Avnet Electronics 
21150 Califa Street 

Woodland Hills, California 91367 
Tel: (818) 594-0404 


Hamilton/Avnet Electronics 
4103 Northgate Boulevard 
Sacramento, California 95834 
Tel: (916) 920-3150 


Hamilton/Avnet Electronics 
4545 Viewridge Avenue 
San Diego, California 92123 
Tel: (619) 571-7500 

TWX: 910-335-1216 


Hamilton/Avnet Electronics 
1175 Bordeaux Drive 
Sunnyvale, California 94089 
Tel: (408) 743-3300 

TWX: 910-339-9332 


Hamilton Electro Sales 
10950 W. Washington Boulevard 
Culver City, California 90230 
Tel: (213) 558-2000 
WX: 910-340-6364 
910-340-7073 
TELEX: 66-43-29 
66-43-31 


Hamilton/Avnet Electronics 
1361 “B” W. 190th Street 
Gardena, California 90248 
Tel: (213) 217-6700 
TWX: 910-340-7073 
FAX: 213-327-3794 


Schweber Electronics 
17822 Gillette 

Irvine, California 92714 
Tel: (714) 863-0200 
TWX: 910-595-1720 


Schweber Electronics 

90 E. Tasman 
San Jose, California 95134 
Tel: (408) 432-7171 

FAX: 408-943-0623 


Schweber Electronics 

3265 Ramos Circle 
Sacramento, California 95827 
Tel: (916) 364-0222 

FAX: 916-364-1938 


Schweber Electronics 
26707 W. Agoura Road 
Calabasas, California 91302 
Tel: (818) 880-9686 

FAX: 818-880-4687 


Schweber Electronics 

371 Van Ness Way, Suite 100 
Torrance, California 90501 
Tel: (213) 320-8090 

FAX: 213-320-0896 


Schweber Electronics 

Carroll Ridge Business Center 
6750 Nancy Ridge Road 

Suite D&E, Bidg. 7 

San Diego, California 92121 
Tel: (619) 450-0454 


Wyle Labs/EMG 

26677 Agoura Road 
Calabasas, California 91302 
Tel: (818) 880-9000 

TWX: 310-372-0232 

FAX: 818-880-5510 


Wyle Labs/EMG 

124 Maryland Street 

El Segundo, California 90245 
Tel: (213) 322-1763 

TWX: 910-348-7140 

FAX: 213-322-8100 


Wyle Labs/EMG_ 
Orange County Division 
17872 Cowan 

irvine, California 92714 
Tel: (714) 863-9953 
TWX: 910-595-1572 


Wyle Labs/EMG 

18910 Teller Avenue 
Irvine, California 92715 
Tel: (714) 851-9953 
TWX: 310-371-9127 


Wyle Labs/EMG 

2951 Sunrise Boulevard, Suite 175 
Rancho Cordova, California 95742 
Tel: ($16) 638-5282 

TWX: 310-371-9279 


Wyle Labs/EMG 

9525 Chesapeake Drive 
San Diego, California 92123 
Tel: (619) 565-9171 

TWX: 910-335-1590 


Wyle Labs/ EMG 

3000 Bowers Avenue 

Santa Clara, California 95052 
Tel: (408) 727-2500 

TWX: 910-338-0296 


CANADA 

Arrow Electronics 

4050 Jean Talon Ouest 
Montreal, Quebec 
Canada H4P 1W1 

Tel: (514) 735-5511 
TWX: 05-255-90 


Arrow Electronics 

4585 Canada Way, Suite 208 
Burnaby, British Columbia 
Canada V5G 4L6 

Tel: (604) 291-2986 

FAX: 604-291-6023 


Arrow Electronics 

1093 Meyerside Drive, Unit 2 
Mississauga, Ontario 
Canada L5T 1M4 

Tel: (416) 670-7769 


Arrow Electronics 

36 Antares Drive, Unit 100 
Nepean, Ontario 

Canada K2E 7W5 

Tel: (613) 226-6903 


Arrow Electronics 

500 Jean Baptiste, Suite 280 
Quebec City, Quebec 
Canada G2E 59R 

Tel: (418) 871-7500 


Future Electronics 
3220 5" Avenue N.E. 
Calgary, Alberta 
Canada T2A 5N1 
Tel: (403) 235-5325 


Future Electronics 

82 St. Regis Crescent North 
Downsview, Ontario 
Canada M3J 1Z3 

Tel: (416) 638-4771 

TWX: 610-491-1470 


Future Electronics 
5312 Calgary Trail 
Edmonton, Alberta 
Canada T6H 4J8 
Tel: (403) 438-2858 





Future Electronics 
Baxter Centre 

1050 Baxter Road 
Ottawa, Ontario 
Canada K2C 3P2 
Tel: (613) 820-8313 
TWX: 610-563-1697 


Future Electronics 
237 Hymus Boulevard 
Pointe Claire, Quebec 
Canada H9R 5C7 
Tel: (514) 694-7710 
FAX: (514) 695-3707 
TELEX: 82-3554 
05-823555 


Future Electronics 

1990 Boulevard Charest Ouest 
Suite 190 

St. Foy, Quebec 

Canada G1N 4K8 

Tel: (418) 682-8092 


Future Electronics 

1695 Boundary Road 
Vancouver, British Columbia 
Canada V5K 4X7 

Tel: (604) 294-1166 


Future Electronics 

106 King Edward [Century] 
wnnioed: Manitoba 
Canada R3H ON8 

Tel: (204) 786-7711 


Hamilton/Avnet Electronics 
6845 Rexwood Road, Units 3-5 
Mississauga, Ontario 

Canada L4V 1R2 

Tel: (416) 677-7432 

TWX: 610-492-8867 


Hamilton/Avnet Electronics 
190 Colonnade Road 
Nepean, Ontario 

Canada K2E 7J5 

Tel: (613) 226-1700 
TWX: 610-562-1906 


Hamilton/Avnet Electronics 
2816 21st Street, N.E. 
Calgary, Alberta 

Canada T2E 622 

Tel: (403) 250-9380 

TWX: 610-821-2286 


Hamilton/Avnet Electronics 
2795 Halpern 

St. Laurent, Quebec 
Canada H4S 1P8 

Tel: (514) 335-1000 
TWX: 610-421-3731 


Hamilton/Avnet Electronics 
2550 Boundary Road, Suite 115 
Burnaby, British Columbia 
Canada V5M 323 

Tel: (604) 437-6667 

TELEX: 04-356351 


Zentronics Limited 
1355 Meyerside Drive 
Mississauga, Ontario 
Canada L5T 1C9 

Tel: (416) 564-9600 
FAX: 416-564-8320 


Zentronics Limited 

155 Colonnade Road S., #17/18 
Nepean, Ontario 

Canada K2E 7K1 

Tel: (613) 226-8840 

FAX: 613-226-6352 


Zentronics Limited 

817 McCaffery Street 
Ville St. Laurent, Quebec 
Canada H4T 1N3 

Tel: (514) 737-2804 
FAX: 514-737-5212 


Zentronics Limited 

6815 8th Street, N.E. #100 
Calgary, Alberta 

Canada T2E 7H7 

Tel: (403) 295-8838 


Zentronics Limited 

11400 Bridgeport Road, #108 
Richmond, British Columbia 
Canada V6X 1T2 

Tel: (604) 273-5575 

FAX: 604-273-2413 
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COLORADO 

Anthem Electronics 

373 Inverness Drive 
Englewood, Colorado 80112 
Tel: (303) 790-4500 

FAX: 303-790-4532 


Arrow/Kierulff Electronics 
7060 S. Tucson Wa 
Englewood, Colorado 80112 
Tel: (303) 790-4444 

FAX: 303-790-0188 


Hamiltor/Avnet Electronics 
9605 Maroon Circle, Suite 200 
Englewood, Colorado 80112 
Tel: (303) 799-0663 

FAX: 303-799-7801 


Schweber Electronics 

Highland Technical Business Park 
8955 E. Nichols Avenue, Suite 200 
Englewood, Colorado 80112 

Tel: (303) 799-0258 

FAX: 303-799-0730 


Wyle Labs/EMG 

451 East 124th Avenue 
Thornton, Colorado 80241 
Tel: (303) 457-9953 
TWX: 910-836-0770 


CONNECTICUT 

Anthem Electronics 

61 Mattatuck Heights 
Waterbury, Connecticut 06705 
Tel: (203) 596-3201 

FAX: 203-596-3232 


Arrow/Kierulff Electronics 

12 Beaumont Road 
Wallingford, Connecticut 06492 
Tel: (203) 265-7741 

TWX: 710-476-0162 


Hamilton/Avnet Electronics 
Commerce Park 

Commerce Drive 

Danbury, Connecticut 06810 
Tel: (203) 797-2800 

TWX: 710-456-9974 


Schweber Electronics 

115 Hurley Road 

Oxford, Connecticut 06483 
Tel: (203) 264-4700 

FAX: 203-264-4998 


FLORIDA 

Arrow/Kierulff Electronics 
37 Skyline Drive, Suite 3101 
Lake Mary, Florida 32746 
Tel: (407) 323-0252 

FAX: 407-323-3189 


Arrow/Kierulff Electronics 

400 Fairway Drive 

Deerfield Beach, Florida 33441 
Tel: (305) 429-8200 

FAX: 305-428-3991 


Arrow/Kierulff Electronics 

El Monte Mall 

Third Floor, Suite 2 

Hato Rey, Puerto Rico 00918 
Tel: (809)764-4384 

FAX: 809-764-3479 


Hamilton/Avnet Electronics 
2801 N.W. 15th Way 

Ft. Lauderdale, Florida 33069 
Tel: (305) 971-2900 

TWX: 510-956-3097 


Hamilton/Avnet Electronics 
3247 Tech Drive North 

St. Petersburg, Florida 33716 
Tel: (813) 573-3930 

TWX: 810-863-0374 


Hamilton/Avnet Electronics 
6947 University Boulevard. 
Winter Park, Florida 32792 
Tel: (407) 628-3888 
TWX: 810-853-0322 


Schweber Electronics 

317 S. North Lake Boulevard 
Suite 1024 

Altamonte Springs, Florida 32701 
Tel: (407) 331-7555 

TWX: 810-848-0052 


Schweber Electronics 
7243 Bryan Dairy Road 
Largo, Florida 34647 
Tel: (813) 541-5100 
FAX: 813-541-2855 


Schweber Electronics 

3665 Park Central Boulevard 
Pompano Beach, Florida 33064 
Tel: (305) 977-7511 

TWX: 510-954-0304 


GEORGIA 

Arrow/Kierulff Electronics 
4250-E River Green Parkway 
Duluth, Georgia 30136 

Tel: (404) 497-1300 


Hamilton/Avnet Electronics 
5825-D Peachtree Corners East 
Norcross, Georgia 30092 

Tel: (404) 447-7500 

TWX: 810-766-0432 


Schweber Electronics 

303 Research Drive, Suite 210 
Norcross Georgia 30092 

Tel: (404) 449-9170 

TWX: 810-766-1592 


ILLINOIS 

Arrow/Kierulff Electronics 
1140 West Thorndale Avenue 
Itasca, Illinois 60143 

Tel: (312) 250-0500 

FAX: 312-250-0916 


Hamilton/Avnet Electronics 
1130 Thorndale Avenue 
Bensenville, Illinois 60106 
Tel: (312) 860-7780 

TWX: 910-227-0600 


Schweber Electronics 

904 Cambridge 

Elk Grove Village, Illinois 60007 
Tel: (312) 364-3750 

TWX: 910-222-3453 


INDIANA 

Arrow/Kierulff Electronics 

7108 Lakeview Parkway W. Drive 
Indianapolis, indiana 

Tel: (317) 243-9353 

TWX: 810-341-3119 


Hamilton/Avnet Electronics 
485 Gradle Drive 

Carmel, Indiana 46032 
Tel: (317) 299-2071 

FAX: 317-299-2379 


IOWA 

Arrow/Kierulff Electronics 
375 Collins Road N.E. 
Cedar Rapids, lowa 52402 
Tel: (319) 395-7230 


Hamilton/Avnet Electronics 
915 33rd Avenue S.W. 
Cedar Rapids, lowa 52404 
Tel: (319) 362-4757 

TWX: 910-525-1316 


Schweber Electronics 
5270 Park Place N.E. 
Cedar Rapids, lowa 52402 
Tel: (319) 373-1417 


KANSAS 

Arrow/Kierulff Electronics 
8208 Melrose, Suite 210 
Lenexa, Kansas 66214 
Tel: (913) 541-9542 
FAX: 913-541-0328 


Hamilton/Avnet Electronics 
15313 W. 95th Street 
Lenexa, Kansas 66219 
Tel: (913) 888-8900 
TWX: 910-743-0005 


Schweber Electronics 

10300 W. 103rd Street, Suite #200 
Overland Park, Kansas 66214 

Tel: (913) 492-2921 


KENTUCKY 
Hamilton/Avnet Electronics 
805 A Newtown Circle 
Lexington, Kontuey 40511 
Tel: (606) 259-147. 


MARYLAND 

Anthem Electronics 

9020 A Mendenhall Court, Suite E 
Columbia, Maryland 21045 

Tel: (301) 995-6640 

FAX: 301-621-8270 


Arrow/Kierulff Electronics 
8300 Guilford Drive 
Columbia, Maryland 21046 
Tel: (301) 995-6002 
TWX: 710-236-9005 


Hamilton/Avnet Electronics 
6822 Oak Hall Lane 
Columbia, Maryland 21045 
Tel: (301) 995-3500 
TWX: 710-862-1861 
TELEX: 8-79-68 


Schweber Electronics 
9800-H Patuxent Woods 
Columbia, Maryland 21046 
Tel: (301) 596-7800 

FAX: 301-596-7821 


MASSACHUSETTS 

Anthem Electronics 

36 Jonspin Road 

Wilmington, Massachusetts 01887 
Tel: (508) 657-5170 

FAX: 508-657-6008 


Arrow/Kierulff Electronics 

25 Upton Drive 

Wilmington, Massachusetts 01887 
Tel: (508) 935-5134 

FAX: 508-694-1754 


Hamilton/Avnet Electronics 

10D Centennial Drive 

Peabody, Massachusetts 01960 
Tel: (508) 532-3701 


Schweber Electronics 

25 Wiggins Avenue 

Bedford, Massachusetts 01730 
Tel: (617) 275-5100 

FAX: 617-275-7912 


Sertech Labs 

72 Cherry Hill Drive 

Beverly, Massachusetts 01915-0288 
Tel: (508) 927-5820 


MICHIGAN 
Arrow/Kierulff Electronics 
Haggerty Tech Center 
19880 Haggerty Road 
Livonia, Michigan 48152 
Tel: (313) 462-2290 
TWX: 313-462-2686 


Arrow/Kierulff Electronics 

3510 Roger B. Chaffee Drive S.E. 
Grand Rapids, Michigan 49508 
Tel: (616) 243-0912 


Hamilton/Avnet Electronics 
41650 Gardenbrook Road 
Suite 100 

Novi, Michigan 48050 

Tel: (313) 347-4270 


Hamilton/Avnet Electronics 
2215 29th Street, S.E. 

Space A-5 

Grand Rapids, Michigan 49508 
Tel: (616) 243-8805 

TWX: 910-242-2983 


Schweber Electronics 

31478 Industrial Road, Suite 3 
Livonia, Michigan 48150 

Tel: (313) 525-8100 


MINNESOTA 
Arrow/Kierulff Electronics 
5230 W. 73rd Street 
Edina, Minnesota 55435 
Tel: (612) 830-1800 
TWX: 910-576-3125 


Hamilton/Avnet Electronics 
12400 Whitewater Drive 
Minnetonka, Minnesota 55343 
Tel: (612) 932-0600 

TWX: 910-576-2720 


Schweber Electronics 
7424 W. 78th Street 
Edina, Minnesota 55435 
Tel: (612) 941-5280 
TWX: 910-576-3167 


MISSOURI 
Arrow/Kierulff Electronics 
2380 Schuetz Road 

St. Louis, Missouri 63146 
Tel: (314) 567-6888 
TWX: 910-764-0882 


Hamilton/Avnet Electronics 
741 Goddard Avenue 
Chesterfield, Missouri 63005 
Tel: (314) 537-1600 


Schweber Electronics 

502 Earth City Expressway 
Suite #203 

Earth City, Missouri 63045 
Tel: (314) 739-0526 

FAX: 314-739-5268 


NEW HAMPSHIRE 

Arrow/Kierulff Electronics 

3 Perimeter Road 

Manchester, New Hampshire 03103 
Tel: (603) 668-6968 

TWX: 710-220-1684 


Hamilton/Avnet Electronics 

444 E. Industrial Park Drive 
Manchester, New Hampshire 03103 
Tel: (603) 624-9400 

TWX: 710-474-3255 


Schweber Electronics 

Bedford Farms Bldg. #6 

Kilton & South River Road 
Manchester, New Hampshire 03102 
Tel: (603) 625-2250 

TWX: 710-220-7572 


NEW JERSEY 

Anthem Electronics 

311 Route 46 West 
Fairfield, New Jersey 07006 
Tel: (201) 227-7960 

FAX: 201-227-9246 


Arrow/Kierulff Electronics 

4 East Stow Road, Unit 11 
Marlton, New Jersey 08053 
Tel: (215) 928-1800 

TWX: 710-897-0829 


Arrow/Kierulff Electronics 

6 Century Drive 

Parsippany, New Jersey 07054 
Tel: (201) 538-0900 

TWX: 710-734-4403 


Hamilton/Avnet Electronics 

1 Keystone Avenue, Bidg. 36 
Cherry Hill, New Jersey 08003 
Tel: (609) 424-0100 

TWX: 710-940-0262 


Hamilton/Avnet Electronics 
10 Industrial Road 
Fairfield, New Jersey 07006 
Tel: (201) 575-3390 

TWX: 710-734-4388 


Schweber Electronics 

43 Route 46 East 

Pine Brook, New Jersey 07058 
Tel: (201) 227-7880 


NEW MEXICO 

Arrow/Kierulff Electronics 

2460 Alamo Avenue S.E. 
Albuquerque, New Mexico 87107 
Tel: (505) 884-2950 

FAX: 505-884-2959 


Electronic Devices, Inc. 

8325-A Washington N.E. 
Albuquerque, New Mexico 87113 
Tel: (505) 822-1300 

FAX: 505-822-1411 
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Hamiltor/Avnet Electronics 

2524 Baylor Drive S.E. 
Albuquerque, New Mexico 87106 
Tel: (505) 765-1500 

TWX: 910-989-0614 


NEW YORK 

Anthem Electronics 

47 Mall Drive 

Commack, New York 11725 
Tel: (516) 864-6600 


Arrow/Kierulff Electronics 
25 Hub Drive 

Melville, New York 11747 
Tel: (516) 694-6800 
TWX: 510-224-6155 


Arrow/Kierulff Electronics 
3375 Brighton Henrietta Townline 
Rochester, New York 14623 

Tel: (716) 427-0300 

TWX: 510-263-4766 


Arrow/Kierulff Electronics 

20 Oser Avenue 

Hauppauge, New York 11788 
Tel: (516) 231-1000 

TWX: 510-227-6623 


Hamilton/Avnet Electronics 
103 Twin Oaks Drive 
Syracuse, New York 13206 
Tel: (315) 437-2642 
TWX: 710-541-0959 


Hamilton/Avnet Electronics 
933 Motor Parkway 
Hauppauge, New York 11788 
Tel: (516) 231-9800 

TWX: 510-224-6166 


Hamilton/Avnet Electronics 
2060 Townline Road 
Rochester, New York 14623 
Tel: (716) 475-9130 

TWX: 510-253-5470 


Schweber Electronics 

3 Town Line Circle 
Rochester, New York 14623 
Tel: (716) 424-2222 

TWX: 710-541-0601 


Schweber Electronics 

Jericho Turnpike 

Westbury, New York 11590 

Tel: (516) 334-7474 

TWX: 510-222-9470 
510-222-3660 


NORTH CAROLINA 
Arrow/Kierulff Electronics 
5240 Greens Dairy Road 
Raleigh, North Carolina 27604 
Tel: (919) 876-3132 

TWX: 510-928-1856 


Arrow/Kierulff Electronics 

938 Burke Street 

Winston-Salem, North Carolina 27101 
Tel: (919) 725-8711 

TWX: 510-931-3169 


Hamilton/Avnet Electronics 
3510 Spring Forest Road 
Raleigh, North Carolina 27604 
Tel: (919) 878-0819 

TWX: 510-928-1836 


Schweber Electronics 

1 Commerce Center 

5285 North Boulevard 
Raleigh, North Carolina 27604 
Tel: (919) 876-0000 

TWX: 510-928-0531 


OHIO 

Arrow/Kierulff Electronics 
7620 McEwen Road 
Centerville, Ohio 45459 
Tel: (513) 435-5563 
TWX: 810-459-1611 
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Arrow/Kierulff Electronics 
6238 Cochran Road 
Solon, Ohio 44139 

Tel: (216) 248-3990 
TWX: 810-427-9408 


Arrow/Kierulff Electronics 

7461 Worthington Galena Road 
Columbus, Ohio 43085 

Tel: (614) 436-0928 

FAX: 614-888-8673 


Hamilton/Avnet Electronics 
30325 Bainbridge Road, Bidg. A 
Solon, Ohio 44139 

Tel: (216) 349-5100 

FAX: 216-831-2469 


Hamilton/Avnet Electronics 
954 Senate Drive 

Dayton, Ohio 45459 

Tel: (513) 439-6700 
TWX: 810-450-2531 


Hamilton/Avnet Electronics 
777 Brooksedge Boulevard 
Westerville, Ohio 43081 
Tel: (614) 882-7004 


Schweber Electronics 

23880 Commerce Park Road 
Beachwood, Ohio 44122 
Tel: (216) 464-2970 

TWX: 810-427-9441 


Schweber Electronics 

7865 Paragon Road, Suite 210 
Dayton, Ohio 45459 

Tel: (513) 439-1800 


OKLAHOMA 

Arrow/Kierulff Electronics 
12111 E. 51st Street, Suite 101 
Tulsa, Oklahoma 74146 

Tel: (918) 252-7537 


Hamilton/Avnet Electronics 
12121 E. 51st Street, Suite 102 
Tulsa, Oklahoma 74146 

Tel: (918) 252-7297 


Schweber Electronics 
4150 S. 100th East Avenue 
Suite 102 

Tulsa, Oklahoma 74146 
Tel: (918) 622-8000 


OREGON 

Almac Electronics 

1885 N.W. 169th Place 
Beaverton, Oregon 97006 
Tel: (503) 629-8090 
TWX: 910-467-8743 
FAX: 503-645-0611 


Anthem Electronics 

9705 S.W. Sunshine Court, #900 
Beaverton, Oregon 97005 

Tel: (503) 643-1114 

FAX: 503-626-7928 


Arrow/Kierulff Electronics 

1800 N.W. 167th Place, Suite 145 
Beaverton, Oregon 97006 

Tel: (503) 645-6456 - 

FAX: 503-645-8056 


Hamilton/Avnet Electronics 
9409 S.W. Nimbus 
Beaverton, Oregon 97005 
Tel: (503) 627-0201 


Wyle Labs/EMG 

5250 N.E. Elam Young Parkway 
Suite 600 

Hillsboro, Oregon 97214 

Tel: (503) 640-6000 

TWX: 910-460-2203 


PENNSYLVANIA 

Anthem Electronics 

355 Business Center Drive 
Horsham, Pennsylvania 19044 
Tel: (215) 443-5150 

FAX: 215-675-9875 


Arrow/Kierulff Electronics 
Seco Road 


Monroeville, Pennsylvania 15146 
Tel: (412) 856-7000 
TWX: 710-797-3894 


Hamiltor/Avnet Electronics 
2800 Liberty Avenue, Building E 
Pittsburgh, Pennsylvania 15222 
Tel: (412) 281-4150 

TWX: 710-670-1127 


Schweber Electronics _ 

900 Business Center Drive 
Prudential Business Campus 
Horsham, Pennsylvania 19044 
Tel: (215) 441-0600 

FAX: 215-675-8412 


Schweber Electronics 

1000 R.1.D.C. Plaza, Suite 203 
Pittsburgh, Pennsylvania 15238 
Tel: (412) 782-1600 


TEXAS 

Arrow/Kierulff Electronics 
2227 W. Braker Lane 
Austin, Texas 78758 
Tel: (512) 835-4180 
TWX: 910-874-1348 


Arrow/Kieruiff Electronics 
3220 Commander Drive 
Carrollton, Texas 75006 
Tel: (214) 380-6464 
TWX: 910-860-5377 


Arrow/Kierulff Electronics 

10899 Kinghurst Drive, Suite 100 
Houston, Texas 77099 

Tel: (713) 530-4700 

TWX: 910-880-4439 


Hamilton/Avnet Electronics 
1807 A W. Braker Lane 
Austin, Texas 78758 

Tel: (512) 837-8911 

TWX: 910-874-1319 


Hamilton/Avnet Electronics 
4850 Wright Road, Suite 190 
Stafford, Texas 77477 

Tel: (713) 240-7733 

TWX: 910-881-5523 


Hamilton/Avnet Electronics 
4004 Belt Line Road, Suite 200 
Dallas, Texas 75244 

Tel: (214) 404-9906 

FAX: 214-308-8109 


Schweber Electronics 
11500 Metric, Suite 410 
Austin, Texas 78758 
Tel: (512) 339-0088 
FAX: 512-832-5921 


Schweber Electronics 
4202 Beltway Drive 
Dallas, Texas 75234 
Tel: (214) 661-5010 
TWX: 910-860-5493 


Schweber Electronics 
10625 Richmond Avenue 
Suite 100 

Houston, Texas 77042 
Tel: (713) 784-3600 
TWX: 910-881-4836 


Wyle Labs/EMG 

4030 W. Braker Lane, Suite 330 
Austin, Texas 78759 

Tel: (512) 345-8853 

TAX: 512-345-9330 


Wyle Labs/EMG 

1810 N. Greenville Avenue 
Richardson, Texas 75081 
Tel: (214) 235-9953 


Wyie Labs/EMG 

11001 S.Wilcrest, Suite 100 
Houston, Texas 77099 

Tel: (713) 879-0053 


UTAH 

Anthem Electronics 

1279 W. 2200 South 

Salt Lake City, Utah 84119 
Tel: (801) 973-8555 

FAX: 801-973-8909 


Arrow/Kierulff Electronics 
1946 W. Parkway Boulevard 
Salt Lake City, Utah 84119 
Tel: (801) 973-6913 

FAX: 801-972-0200 


Hamilton/Avnet Electronics 
1585 W. 2100 South 
Salt Lake City, Utah 84119 
Tel: (801) 972-2800 
TWX: 910-925-4018 


Wyle Labs/EMG 

1325 W. 2200 South, Suite E 
West Valley City, Utah 84119 
Tel: (801) 974-9953 

TWX: 910-917-4040 


WASHINGTON 

Aimac Electronics 

14360 S.E. Eastgate Way 
Bellevue, Washington 98007 
Tel: (206) 643-9992 

TWX: 910-444-2067 

FAX: 206-746-7425 


Anthem Electronics 

5020 148th Avenue NE, Suite 103 
Redmond, Washington 98502 
Tel: (206) 881-0850 

FAX: 206-885-4041 


Arrow/Kierulff Electronics 
19450 68th Avenue South 
Kent, Washington 98032 
Tel: (206) 575-4420 
FAX: 206-575-4427 


Hamilton/Avnet Electronics 
Redmond Science Park, Bldg. C 
17761 N.E. 78th Place 
Redmond, Washington 98052 
Tel: (206) 881-6697 

FAX: 206-867-0159 


pi Labs/EMG 

15385 N.E. 90th 

Redmond, Washington 98052 
Tel: (206) 881-11 

FAX: 206-881-1567 


WISCONSIN 

Arrow/Kierulff Electronics 
200 N. Patrick Boulevard 
Brookfield, Wisconsin 53005 
Tel: (414) 792-0150 

TWX: 910-262-1193 


Hamilton/Avnet Electronics 
20875 Crossroads Circle 
Waukesha, Wisconsin 53186 
Tel: (414) 784-4510 

TWX: 910-262-1182 


Schweber Electronics 

3050 Calhoun Road 

New Berlin, Wisconsin 53151 
Tel: (414) 784-9020 
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INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 


AUSTRALIA 

R and D Electronics 

P.O. Box 206 

Burwood 3125 

Victoria 

Tel: 61-3-2888911 

TELEX: AA 33288 (RADET) 


R and D Electronics 
P.O. Box 57 
Crows Nest N.S.W. 2065 


Sydney 

Tel: (61) 439-5488 
AUSTRIA 

EBV Electronik GmbH 
Diefenbachgasse 35/6 


A-1150 Wien 
Tel: 43 222 838519 


Ing E. Steiner 
Hummelgasse 14 
A-1130 Wien 

Tel: 43 222 827474-0 
TELEX: 135026 


BELGIUM 

Arcobel NV 
Terlindenhofstraat 36, Bus 7 
P.O. Box 110 

2060 Antwerpen-Merksem 
Tel: 32 3 646 70 48 

TELEX: 73026 


D & D Electronics PVBA 
Viide Olympiadelaan 93 
2020 Antwerp 


EBV Electronik 
Brucargo Bidg. 724 
B-1931 Zaventum 


BRAZIL 

Icotron 

Avenue Mutinga 3650 

6 to Andar 05110 

San Paolo SP 

FAX: 011-55-1 1-833-2781 


DENMARK 

C-88 A. S. 

Kokkedal Industipark 42A 
DK-2980 Kokkeaal 

Tel: 45 2 24 48 68 


FINLAND 

Nant na Iku 10 
ittylan u 1 

SF poeee Helsinki 

Tel: 358 0 7571011 

TELEX: 122022 

FAX: 358 0 798853 


FRANCE 


A2M 

13, Rue de la République 
F-83170 Brignoles 

Tel: 33 94 59 22 93 
TELEX: 404695 


A2M 

6, Avenue du Général de Gaulle 
Hall A BP n9 

F-78152 Le Chesnay 

Tel: 39 549113 

TELEX: 698376F 


A2M-Sud Est 
2, Place de |’Europe 
F-38290 St, Quentin Fallavier 


oe 
el: 33 74 94 43 33 
TELEX: 900738 


A2M-Sud Quest 

Parc d’Activité Cadera 
Avenue J.F. Kennedy 
BatE 

F-33700 Mérignac 
Tel: 33 56 34 10 97 
TELEX: 560578 


A2M - Bretagen 

Z. A. Str. Meen 

St. Quay 

22700 - Perros Guirec 
Tel: 33 96 91 17 43 
TELEX: 950313F 


A2M 

1 Bid De Nanc 

F-67000 Stras 

Tel: 33 88 75 51 ‘8 
TELEX: 890041 


Celdis 

Contreda - Avenue Daurat 
31700 - Blagnac 

Tel: 3361 71 11 22 
TELEX: 532103 


Celdis 

67 rue Bataille 
69008 - Lyon 

Tel: 33 78 76 32 38 
TELEX: 375446 


Celdis 

4A 8, Allée De Vierge 
Silic 561 

94653 - Rungis Cedex 
Tel: 33 1 45 60 58 00 
TELEX: 200485 


Datadis 
10-12 rue Emile Landrin 
92100-Boulogne 


Datadis 
73 Avenue du Chateau a’ Eau 
33700 - Mérignac 


RTF 

13 rue Lhote 
F-33000 Bordeaux 
Tel: 33 56 5299 59 
TELEX: 560627 


RTF 

9, rue de Paris 

35510 Cesson Sevigne 
Tel: 33 99 83 84 85 
TELE: 741127 


RTF 

Av. De La Mairie 
F-31320 Esqualquens 
Tel: 3361 81 57 
TELEX: 520927 


RTF 

9, rue d'Arcueil 
F-94520 Gentilly BF 78 
Tel: 33 46 64 11 01 
TELEX: 201069 


RTF 

Provence Cote D’Azur 
5, Bid Gabriel 

13004 - Marseille 

Tel: 33 91 95 75 45 


RTF 

23, Av. Du Granier 
Zac Les Bealieres 
38240 Meylan 


RTF 

Parc Club Du Moulin A Vent Bat G 
32, Rue Du Docteur Levy 

69200 - Venissieux 

Rhone - Auverene 

Tel: 33 78 00 07 26 


GERMANY 

Astronic GmbH 
Dorrmorsbacher Str. 8 
8750 Aschaffenbur 
Tel: 49 6021 6176 
TELEX: 5213059 


Astronic GmbH 
Parkstr. 92 

46300 Bochum 6 
Tel: 49-2327-88074 
TELEX: 820403 


Astronic GmbH 
Winzerer Str. 47 D 
D-8000 Miinchen 40 
Tel: 49 89 30 90 31 
TELEX: 521687 


EBV Elektronik GmbH 
Kiebitzrain 18 

D-3006 Burgwedel 1/Hannover 
Tel: 49 5139 8087-0 

TELEX: 943694 


EBV Elektronik GmbH 
Schenckstrasse 99 
D-6000 Frankfurt Main 90 
Tel: (069) 78 50 37 
TELEX: 413590 


EBV Elektronik GmbH 
Viersener Str. 24 
D-4040 Neuss 

Tel: 49 2101 530072 
TELEX: 8517605 


EBV Elektronik GmbH 
Oberweg 6 


0-8025 Unterhaching b. MGnchen 
Tel: 089 61105-1 
TELEX: 524535 


EBV Elektronik GmbH 
Weimarstrasse 48 
7000 Stuttgart 1 

Tel: 49-711-61910-0 
TELEX: 722271 


Electronic 2000 
Otto-Suhr-Allee 9 
1000 Berlin 10 

Tel: 49 30 3417081 
TELEX: 185323 


Electronic 2000 
Heinrich-Hertz, Str. 34 
D-4000 Dusseldorf-Erk. 
Tel: 49-211-204091 
TELEX: 8586810 


Electronic 2000 
Schmidt Str. 49 
6000 Frankfurt/M1 
Tel: 49 69 730481 
TELEX: 4189486 


Electronic 2000 
Benz Str. 1 

7016 Gerlingen 
Tel: 49 7156 24091 
TELEX: 7245265 


Electronic 2000 
Uberseering 25 
2000 Hamburg 60 
Tel: 49 40 6304081 
TELEX: 2164921 


Electronic 2000 
Be ee berring 12 
linchen 82 
Tel: 49 89 42001-0 
TELEX: 522561 


Electronic 2000 

Aeussere Sulzbacher Str. 37 
8500 Nurnberg 20 

Tel: 49 911 595058 
TELEX: 626495 


Mueller Wuppertal 
Verein Str. 17 
D-5600 Wuppertal 
Tel: 49 202 426016 
TELEX: 8591543 


Spoerle Electronic 
Gneisenau Strasse 2 
1000 Berlin 61 

Tel: 49-30 693 4090 
TELEX: 18029 


Spoerle Electronic 
Hilde Brandstr. 11 
D-4600 Dortmund 13 
Tel: 49-231-21801-0 
TELEX: 822555 


Spoerle Electronic 
jax-Planck Str. 1-3 
D-6072 Dreieich 
Tel: 49-6103-304-0 
TELEX: 417972 


Spoerle Electronic 
Volksparkstr. 62 
D-2000 Hambu 

Tel: 49-40 54 0091-0 
TELEX: 2164536 


Spoerle Electronic 

Fohringer Allee 

D-8043 Unterfohring b. Munchen 
Tel: 49-89-959990 

TELEX: 5216379 


| Distributors 


Spoerle Electronic 
Hoefener Str. 100 

D-8510 Fuerth b. Nurnberg 
Tel: 49-91 1-78710 
TELEX: 622996 


Spoerle Electronic 
Hopfigheimer Str. 10 

D-7120 ay sell b. Stuttgart 
Tel: 49-7142-70003-0 
TELEX: 724287 


HONG KONG 
Tektron Electronics 
1702 Bank Centre 
636 Nathan Road 
Kowloon 

Tel: 3 880 629 

FAX: 852-3-780587 1 


INDIA 

Capricorn Systems 

1430 Tully Road, Suite 405 
San Jose, California 95122 
Tel: (408) 294-2833 


IRELAND 
Lyco Ltd. 

e Diamond 
Malahide 
County Dublin 
Tel: 353 1 450966 
TELEX: 31407 
FAX: 353 1 453625 


New England Tech Sales Ltd 
Stonehaven 

Dublin Road 

Malahide 

County Dublin 

Tel: 353 1 450635 

TELEX: 31407 


ISRAEL 

Amtronics Ltd 

10 Huberman Street 
P.O. Box 1276 
IL-64075 Tel Aviv 
Tel: 972 3 227857 
TELEX: 342229 


ITALY 

Cramer Italia S.P.A. 
Via Ferrarese 10/2 
40126 Bologna 

Tel: 39 61 372 777 
TELEX: 522870 


Cramer Italia S. p. A. 
Via San Simpliciano 2 
20121 Milano 

Tel: 39 2 809326 
TELEX: 313164 


Cramer Italia S. p. A. 

Via Consalvo 107 

80125 Napoli Fuorigrotta 
Tel: 39 81 614045 
TELEX: 722275 


Cramer Italia S. p. A. 

Via Cristoford Colombo 134 
00147 Roma 

Tel: 39 6 517981 

TELEX: 611517 


Cramer Italia S. p. A. 
Corso Traino 109 
10135 Torino 

Tel: 39 11 6192087 
TELEX: 211252 


Kontron S. p. A. 
Via Vallombrosa 19 
50127 Firenze 

Tel: 39 55 4377871 


Kontron S. p. A. 
Via G. Fantoli 16 15 
1-20138 Milano 
Tel: 39 2 50721 
TELEX: 312288 


Kontron S.p.A 
Via Marie Curie, 20 
41100 Modena 
Tel: 39 59 356080 








Distributors 
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Kontron S. p. A. 

Via F Ingoli 80 
1-00100 Acilia Roma 

Tel: 8171 chee ee 

TELEX: 620: 


Kontron S. p 

Corso Appi D Claud, § 
1-10143 Torino 

Tel: 011 746191 7495253 


Kontron S. p.A 

Via Montenovegno, 12 
36100 Vicenza 

Tel: 39 444 571993 


Silverstar S. p. A. 

Via Del Porto 0 
1-401 22 B 

Tel 39 515 231 


Ulverstar ©. aN ove 

A. Maria Saivini 
vB, 50133 Firenze 
Tel: 39 51 an 


Silverstar S. p 

Via Del arty 20 
1-20146 Milano 

Tel: 39 2-4996 

TELEX: 332189 


Silverstar S. p. A. 
Via G. Franco 2/E 
35010 Padova 


Silverstar S. p. A. 

Via Paisiello 30 
1-00198 Roma 

Tel: 39 6-844 88 41 

TELEX: 610511 


Silverstar S. p. A. 
Piazza Adriano 9 
1-40139 Torino 

Tel: 39 11-440275 6 
TELEX: 220181 


JAPAN 

Asahi Glass Company, Ltd. 
2-1-2, Marunouchi 
Chiyoda- ku, Tokyo 100 
Tel: 03-218-5814 
TELEX: 81-3-212-0568 


Dainichi Contronics 
Seiwakai Bidg. 

7-12-, 3-chorme, Misaki-cho 
Chiyoda-ku, Tokyo 101 
Tel: 03 265-7381 


TELEX: 2722204 Dainic J 
FAX: 03-234-8660 


Intemix inc. 

Shinjuku Hamada Bidg. 
7-4-7 Nishi Shinjuku 
Shinjuku-ku, ie 0 160 
Tel: 03-369-1104 
FAX: 03-986 8566 


8-16 


Kanematsu Electronics Corp. 
Shuwa Shinagawa Bidg. 
3-26-33, Takanawa 
Minato-ku, Tokyo 180 

Tel: 03-447-4141 


Matsushita Elect Trading Co 
4-3-2 Minami Semba 
Minami-ku 

Osaka 542 

Tel: 06-282-5590 

TELEX: 522-8771-METOSKJ 


Microtek, inc. 


to : 

7-9-17, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 160 
Tel: 03-371-181 
TELEX: J27466 


Nihon Denshikizai Co., Ltd. 
2-20-10 Minamikaneda 
Suita-shi, Osaka 564 

Tel: 06-385-6707 

FAX: 06-330-6814 


Sr Salirens 

3-24, Sakur. aoka, machi 
Shibuya-ku, okyo 150 
Tel: 003-461-9311 

FAX: 03-461-9854 


Tokyo Electron Ltd. 

Se Nora Bldg. 
1-26-2 aa u 
Tokyo 160 

Tel: (03) 343-4411 


KOREA 

ENC 

#1602-4, Shucho-Dong 
ey Nam -Ku 


Tel: 82-2-582-5996 


Gold Star Semiconductor Lid. 

Kuk Dong oa” 

60-1 Choon ie © 3-KA, Jung-Gu 
C.P.O. Box 

Seoul 100 

Tel: 82 2 274 3219 

TELEX: GOLD SEC K22767 27923 


Peak ty orale 
Griekenweg 25 
P.O. Box 344 3 
NL-5340 Avy Oss 


Tel: 04120 30335 
TELEX: 37489 


NORWAY 

OTE Komponent 
Postboks 102 Tveita 
N-0617 Oslo 6 

Tel: 47 2 26 9955 
TELEX: 78955 


SINGAPORE 


Dynamar pote Products LTD. 


109 Defu rede i 
ang Avenue 
Sauooe 1953 


Impact Sound oct e) Ltd. 

7500A Beach Road 

f #09-322 ihe raze 
ngapore 

Tel €5.205-4 604 

TELEX: RS 39142 Impact 


SOUTH AFRICA 
Promilect Pty. Ltd. 
275 Kent Avenue 
P.O. Box 1184 
Randburg 2125 


SPAIN 

Kontron S.A. 

Gran Via De Carlos Ill, 94-10-1 
E-08028 Barcelona 

Tel: 34-3-33 07713 

TELEX: 52220 


Kontron S.A. 
Avenida Ejercito, 87 
E-48015 Bi 

Tel: 34-4-4478189 


Kontron S.A. 

C/, Salvatierra N5 
E-28034 Madrid 
Tel: 34-1-729 1155 
TELEX: 23382 


Sagitron, S.A. importaciones 
Ronda General itre 200 
E-08006 Barcelona 

Tel: 343 2126583 

TELEX: 97317 


Sagitron, S es Importaciones 
Castello 25 

E- Madndt 

Tel: 34 1 4026085 

TELEX: 43819 


SWEDEN 

cee oe (AB) 
Box 1 

$220. Ms "cand 

Tel: 46-15-03-45 


cep pcs Backstrom (AB) 
x1 

pstornerciia 22 
$10221 Stockholm 
Tel: 46-8-541080 
TELEX: 10135 


Naxab 
Box 4115 
S-17104 Solna 


SWITZERLAND 
Kontron AG 
Components Division 
Berner Strasse Sud 169 
CH-8010 Zurich 

Tel: 41-1-4354111 
TELEX: 45-822 196 


TAIWAN 

ASEC 

7F No. 344/1 Min-Sheng 
East Road 


Taipei 
Tel: (02) 505-7025 
FAX: 02-501 1524 


Wei Keng Ind. Co. Ltd. 
Rm. B2. Fl. 7 
No. 126, Sec 4 


Nanking E Road 
P.O. Box 17-304 


Taipei 
Tel: 2-7763512 


UNITED KINGDOM 

Alpha Electronic Components, Ltd. 
Jubilee House 

Jubilee Road 

Letchworth, 

Hertfordshire SG7 1QJ 

Tel: 44-462-480888 

TELEX: 826505 


Axiom 

Turnpike Road 

Cressex Estate 

High A oie Buckinghanshire 
HP12 3NR 


Tel: 44 494 461616 


Kudos/Thame Ltd. 
55 Suttons Park 
London Road 
Reading 

Berkshire RG6 1AZ 
Tel: 44-734-351010 
TELEX: 847575 


Macro Marketing Ltd. 
Burnham Lane 
Slough 

Berkshire SL1 6LN 
Tel: 44-6286-4383 
TELEX: 847945 


Rapid Silicon Ltd. 
Rapid House 
Denmark Street 
High Wycombe 
Buckinghamshire 
HP1 2 

Tel: Ti 404440568 
TELEX: 837931 
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Asynchronous PAL Devices 


| Technology | _lcc (mA) | Description 7 
°AL221P6 


HIE: Asynchronous macrocell 
_ther PAL Devices 


| Asynchronous macrocell 


Edge-triggered flip-flops 
4105-21 0 


180 











2roduct 


2AL16RA8 
2AL20RA10 



























Description 





2roduct 


“Am/PAL20L10 
2AL20X10 
PAL20X8 
PAL20X4 , | | 
PAL32VX10—s| | | | , 
AmPAL23S8_— | | | | 












| 10 combinaioriai outputs 
| XOR registers 








| | ier dual feedback macros 
6 buried registers, macros 


























Sequencers 
fmax (MHz) | 


: Technology | icc (MA) | Description 

| | | PLS sequencer 
| PLS sequencer 
| PLS sequencer 


| PLS with macrocells | 





Product 


PLS105 
PLS167 
PLS168 
PLS30S16 



















| Prog Event Generator 







_ Description 





| Programmable Gate Array 
| Programmable Gate Array 










Am2018/64 | | 
Am3020/30/ | 68-175 | CMOS RAM | 
42/90 | | : 






(Continued on inside front cover) 


a 


eae Tiace. 








KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 


Change Changing 
from Lto H from Lto H 


Don’t Care; Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 


Apply Line is High- 
Impedance 
“Off” State 


KS000010-PAL 





SWITCHING TEST CIRCUIT 


5V 


$1 


Ry 


Output Test Point 


12350-019A 


Measured 
Specification |_ } Ch pone Value 
| tm | Cosed IV 
Z — H: Open 50 pF = | 
Z —L: Closed 200 Q 390 Q 
| H-»Z: Open 5 pF ae VoH — 0.5 V 
L —+Z: Closed L—Z: Vo. +0.5V 


AmPAL22P10B/AL/A 2-235 










INPUT/OUTPUT EQUIVALENT SCHEMATICS 
Typical Input Typical Output 


Voc > Voc 


40 Q NOM 


Input 


S 2 Output 
Program/Verify } 
Circuitry 
ee Prog ram/V erify/ 
Pins Test Circuitry 
12350-020B 
\/ 
= 12984-006A 


2-236 AmPAL22P10B/AL/A 


re 


ADVANCED 

MICRO 

DEVICES, INC. 

901 Thompson Place 
at OF = 0) aor tere! 
Sunnyvale, 
California 94088-3453 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
TOLL-FREE 

(800) 538-8450 


APPLICATIONS 
HOTLINE 

(800) 222-9323 
(408) 749-5703 


aaa aon lamenyn\ 
10173B 





